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Preface 


As  part  of  the  U.S.  Anny's  ongoing  program  related  to  the  research  and  development  of  red  water 
treatment  technologies,  the  U.S.  Army  Environmental  Center  (USAEC)  contracted  FT  Corporation 
to  prepare  conceptual  designs  and  plans  for  pflot-scale  demonstrations  of  two  treatment  technologies: 
wet  air  oxidation  (WAO)  and  circulating  bed  combustion  (CBC).  The  project  objectives  also 
included  develc^ment  of  a  Test  Plan  and  Health  and  Safety  Plan  for  these  demonstrations,  and 
preparation  of  a  Project  Report.  This  Project  Report  is  intended  to  summarize  the  conceptual 
designs.  Test  Plan,  and  Health  and  Safety  Plan  and  to  serve  as  a  guide  for  activities  when  the  next 
phase  of  this  program  (ie.,  conducting  the  demonstrations)  is  implemented. 

Red  water  is  not  currently  generated  by  the  U.S.  Army  or  any  other  part  of  the  U.S.  Department  of 
Defense  nor  has  it  been  generated  in  the  recent  past.  An  accurate  and  complete  database  does  not 
exist  in  regard  to  the  chemicd  and  physical  nature  of  red  water.  Due  to  this  lack  of  waste 
characterization  data,  it  was  not  possible  to  complete  an  accurate  analysis  of  the  associated  testing 
and  treatment  requirements.  Additionally,  the  source  of  red  water  for  testing  and  the  location  where 
the  tests  will  be  conducted  (ie.,  the  host  fecility)  have  not  been  identified.  Therefore,  waste-  and  site- 
specific  concerns  and  requirements  cannot  be  accurately  or  completely  addressed  at  this  time.  As  a 
result,  this  phase  of  the  investigation  included  completion  of  plans  and  conceptual  designs. 
Completion  of  system  designs  and  finalization  of  test  and  safety  plans  must  be  completed  in  the  future 
prior  to  initiation  of  the  demonstration  program. 

This  Project  Report  outlines  the  current  project  status  and  identifies  the  steps  which  must  be 
conpleted  prior  to  conducting  the  demonstrations.  These  include:  selecting  a  host  facility,  obtaining 
red  water  for  the  demonstrations,  characterizing  the  red  water,  preparing  final  process  and  equipment 
designs,  finaliTing  Health  and  Safety  and  Test  Plans,  and  acquiring  the  test  equipment.  Because  of 
the  unique  and  largefy  undocumented  nature  of  red  water,  once  a  source  has  been  identified,  a  critical 
Tnirial  objective  will  be  characterization  of  the  pltysical  and  chemical  nature  of  the  waste  and  a  review 
of  the  associated  treatment  requirements. 
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1,0  Introduction 


The  red  water  incineration  conceptual  design  project  was  awarded  to  IT  Corporation  (IT)  by 
the  U.S.  Army  Environmental  Center  (USAEC),  located  in  Aberdeen  Proving  Ground, 
Maryland.  This  project  was  awarded  to  IT’s  Cincinnati  office  and  the  design  documents  were 
prepared  by  IT’s  Knoxville  office. 


Red  water  is  the  aqueous  effluent  generated  during  sellite  purification  of  crude  trinitrotoluene 
(TNT).  Red  water  is  a  reactive  hazardous  waste,  U.S.  Environmental  Protection  Agency 
(EPA)  Hazardous  Waste  number  K047.  In  a  previous  project,  30  technologies  were  evaluated 
for  their  effectiveness  in  treating  red  water.  That  project  determined  that  wet  air  oxidation 
(WAO)  and  circulating  bed  combustors  (CBC)  merited  further  study.  This  document  presents 
the  conceptual  design  and  the  layout  of  a  pilot  CBC,  along  with  a  test  plan  and  a  safety  plan. 

This  CBC  conceptual  design  is  prepared  as  part  of  a  task  entitled  "Red  Water  Treatment 
Technology  Test  Plan  and  Site  Preparation"  for  the  USAEC.  The  objectives  of  the  task  are  to 
prepare  test  and  safety  plans,  determine  the  best  conceptual  designs,  and  prepare  layouts  for 
pilot-scale  CBC  and  WAO  treatment  systems.  Because  of  the  uncertainty  of  the  pilot-scale 
demonstration  location,  the  units  are  designed  to  be  transportable.  The  conceptual  design 
develops  the  CBC  design  to  approximately  the  10  percent  stage;  further  process  engineering 
and  detailed  design  engineering  are  necessary  prior  to  construction  of  the  pilot-scale  units. 

The  purposes  of  this  document  are  to: 

•  Provide  CBC  process  information  in  support  of  other  project  documents  (e.g.. 
Test  Plan,  Hedth  and  Safety  Plan,  and  Inject  Report 

•  Provide  a  conceptual-level  design  and  cost  estimate  for  a  pilot-scale  CBC  unit 

•  Identify  areas  that  should  be  investigated  during  subsequent  design  and  pilot- 
scale  testing  activities. 

As  previously  indicated,  other  documents  prepared  for  this  task  include  a  Test  Plan,  Health 
and  Safety  Plan,  and  Project  Report;  these  documents  are  provided  under  separate  cover. 
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The  pilot  CBC  presented  herein  is  a  transportable  incineration  system  consisting  of  a 
combustion  chamber,  a  hot  cyclone,  a  loop-seal,  a  partial  quench,  a  baghouse,  an  induced 
draft  (I.D.)  fan,  and  the  stack.  The  CBC  operating  temperature  of  1600°?  is  maintained  by 
adding  auxiliary  fuel  (natural  gas)  directly  to  the  combustion  chamber.  The  red  water  and  the 
bed  material  are  fed  directly  re  the  loop-seal.  Ash  and  bed  material  are  removed  from  the 
combustion  chamber  and  cooled  by  the  ash  cooler  conveyor.  The  design  basis  for  the  CBC, 
as  directed  by  USAEC,  is  a  thermal  treatment  capacity  of  1.S  gallons  per  minute  (gpm)  of  red 
water. 

This  document  contains  the  following  major  chapters: 


•  1.0  Introduction  -  Brief  introduction  to  the  project  and  contents. 

•  2.0  Waste  Profile  -  I^sents  a  description  of  red  water  including  the  assump¬ 
tions  made  about  the  waste  profile  during  the  design  of  the  CBC. 

•  3.0  Waste  Feed  Chemistry  and  Selection  of  Circulating  Media  - 

Describes  the  chemical  and  physical  considerations  that  were  studied  to  deter¬ 
mine  the  optimum  circulating  media. 

•  4.0  Block  Flow  Diagram  -  Presents  the  CBC  block  flow  diagram. 

•  5.0  Conceptual  Design  Basis  -  Presents  the  conceptual  design  basis  for  the 
red  water  incin^tion  pilot  plant. 

•  6.0  Process  Description  -  Presents  an  overview  of  the  combustion  system 
and  a  description  of  each  key  system  component. 

•  7.0  PFDs  and  P&IDs  Package  -  Presents  the  process  flow  diagrams  (PFD) 
and  the.piping  and  instrumentation  diagrams  (P&ID)  for  the  CBC. 

•  8.0  Equipment  List  -  Presents  a  list  of  the  key  pieces  of  equipment. 

•  9.0  Equipment  Specifications  -  Presents  the  specification  sheets  for  each 
key  CBC  component 

•  10.0  General  Arrangement  Drawings  -  Presents  the  general  arrangement 
plan  and  the  shipping  arrangement  for  the  CBC. 
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•  11.0  Electrical  One-Line  Drawings  -  Presents  the  electrical  one-line 
drawings  for  the  CBC. 

•  12.0  Mass  and  Energy  Balance  Ouputs  -  Presents  the  results  of  mass  and 
energy  balances  conducted  for  the  normal,  start-up,  and  hot  idle  operating 
scenarios. 

•  13.0  Pilot  Plant  Cost  Estimate  -  Presents  the  estimated  cost  for  the  CBC 
pilot  plant. 

•  14.0  Recommended  Tests  and  Analyses  -  Presents  a  list  of  the  recom¬ 
mend  tests  and  analyses  to  be  conducted  during  the  pilot  test. 

•  15.0  Opetations  and  Safety  Considerations  -  Presents  the  CBC  opera¬ 
tions  and  safety  considerations. 

•  16.0  Operations  Manual  -  Presorts  a  draft  CBC  operations  manual. 

•  17.0  Performance  Test  Plan  -  Presents  a  draft  performance  test  plan  to  test 
CBC’s  ability  to  meet  regulatory  and  warranty  performance  reqtiirements. 

•  18.0  Bench-Scale  Testing  -  Presents  the  test  plan  and  the  results  of  a  bench- 
scale  CBC  system  testing  for  agglomeration  tendencies  while  incinerating 
surrogate  red  water. 

•  19.0  HAZOP  Analysis  -  A  hazard  and  operability  study  was  performed  to 
assess  potential  failures  in  die  circulating  bed  combustor  and  recommend 
additional  safeguards  to  prevent  or  mitigate  the  consequences  of  these  failures. 
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2,0  Waste  Characterization 


Red  water  is  the  aqueous  effluent  generated  during  sellite  purification  of  cmde  TNT.  Red 
water  has  a  deep  red,  or  sometimes  black  color,  and  is  a  complex  and  somewhat  variable 
mixture.  Depending  on  the  TNT  production  process  and  degree  of  water  recycle  used,  red 
water  generally  contains  15  to  30  percent  solids,  has  a  pH  of  7  to  9.7  and  a  specific  gravity 
of  1.1.  Roughly  half  of  the  solids  are  inorganic  salts  and  the  rest  are  nitrobodies.  This 
information  was  gathered  from  a  document  titled  "Review  of  Canadian  industries  limited’s 
Boloeil  facility  as  a  candidate  for  a  SRP  pilot  test"  (RAAP,  1988). 

The  CBC  pilot  plant  is  designed  to  process  a  maximum  of  1.5  gpm  of  red  water  containing 
15  weight  percent  solids.  The  solids  have  a  heat  value  of  3,200  British  thermal  units  per 
pound  (Btu/lb). 

The  ted  water  can  contain  up  to  30  percent  of  solids.  Typically,  the  solid  content  in  the  red 
water  is  15  percent,  and  therefore,  a  solid  content  of  15  percent  was  selected  as  the  basis. 
Even  if  the  solid  content  in  the  red  water  is  30  percent  occasionally,  there  may  be  concern 
regarding  agglom^tion  tendencies.  The  agglomeration  of  solids  is  primarily  a  function  of 
temperature  and  not  the  concentration.  The  increase  in  solid  content  will  impact  the  bed 
material  feed  rate  and  ash  discharge  rate.  The  associated  equipment  is  designed  to  handle 
additional  edacities,  if  required. 

For  waste  characternation  purposes,  it  is  assumed  that  45  percent  of  the  solids  are  inorganic 
salts  and  the  rest  are  nitrobodies  (Table  2-1).  The  inorganic  components  are  primarily  sodium 
sulfites/sulfates  and  sodium  nitrites.  The  nitrobodies  are  primarily  sodium  sulfonate  of  2,4,5- 
TNT  and  TNT-seUite  complex  (Table  2-1).  The  information  contained  in  Tables  2-1  and  2-2 
are  gathered  from  the  reference  cited  in  the  first  paragraph  of  this  chapter. 

Table  2-2  presents  the  elemental  composition  of  the  red  water  used  in  die  mass  and  energy 
balance  (M&EB)  program.  The  overall  heating  value  for  the  red  water  is  487  Btu/lb,  which 
equates  to  a  thermal  release  of  0.4  MMBtu/hr. 
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3.0  Waste  Feed  Chemistry  and  Selection 
of  Circulating  Media 


3.1  Waste  Feed  Chemistry 

3.1.1  Introduction 

CBCs  axe  noted  for  their  high  combustion  efficiency.  This  combustion  efficiency  is  due  to 
the  turbulence  of  the  combustion  gas  in  the  combustion  chamber,  the  abrasive  effect  of  the 
bed  material,  and  the  long  solids  residence  time  of  typically  more  than  20  minutes  (Brunner, 
1991).  Because  of  the  high  combustion  efficiency  of  CBCs,  they  typically  operate  at  1600®F, 
which  is  lower  than  the  operating  temperature  of  most  other  types  of  incinerators. 

One  of  the  problems  associated  with  the  operation  of  CBCs  is  the  formation  of  low  melting 
point  eutectic  mixtures  in  the  combustion  chambers.  These  mixtures  lead  to  the  agglo¬ 
meration  of  the  bed  into  large  agglomerates  of  crude  ^ass.  Agglomeration  is  caused  when 
eutectic  mixtures  are  formed  in  the  combustion  chamber  with  a  melting  point  lower  than  the 
CBC  operating  temperature.  When  this  happens,  the  CBC  has  to  be  shut  down  and  the 
operators  have  to  manually  remove  this  material  from  the  combustor;  therefore,  the  high 
melting  point  bed  material  is  desirable.  Additional  problems  include  oxides  of  nitrogen 
(NOjj)  and  sulfur  oxides  (SO^^)  emissions. 

3.1.2  Waste  Feed  Composition 

The  CBC  proposed  for  this  project  is  designed  to  bum  red  water.  As  indicated  in  Chq)ter 
2.0,  red  water  comprises  15  to  30  percent  solids,  which  contain  about  45  percent  inorganic 
salts.  Tables  2-1  and  2-2  present  tire  composition  of  red  water. 

Sodium.  In  the  oxidative  environment  of  the  CBC,  the  sodium  in  the  sodium  chloride 
(NaQ)  present  in  the  red  water  solids  wfll  combine  with  oxidized  sulfur  to  form  Na2S04  and 
with  carbon  dioxide  to  form  Na2C03.  Pure  Na2S04  has  a  melting  point  of  1623°F  and  pure 
Na2C03  has  a  melting  point  of  1569°F.  A  mixture  of  Na2S04  and  Na2C03  has  a  melting 
point  of  1522®F.  Additionally,  the  chlorine  in  the  red  water  may  lead  to  the  formation  of 
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compounds  with  melting  points  as  low  as  1134°F.  Table  3-1  presents  a  list  of  the  compoimds 
of  concern  and  the  melting  points  of  their  pure  forms. 

The  CBC  bed  material  is  typically  sand  (Si02).  If  present,  NaQ  can  react  with  the  sand  to 
form  a  viscous  sodium-silicate  (Na20*3Si02),  which  has  a  melting  point  of  1175®F: 

SSiO^  +  2NaCl  +  Hp  Na^OSSiO^  +  2HCI  (1) 


The  sodium  nitrite  and  sodium  nitrate  will  oxidize  into  and  Na20.  In  the  presence  of 
moisture,  the  Na20  will  form  sodium  hydroxide  (NaOH),  which  has  a  melting  point  of  612®F. 
NaOH  will  coiitribute  to  the  alkalinity  of  the  ^h. 

If  bed  materials  are  silica-sand,  or  if  there  is  Si02  in  the  red  water,  the  Na2S02  present  in  red 
water  wiU  react  with  the  silica  to  form  Na20*3Si02,  which  is  formed  in  Equation  1; 

+  SSiO^  -  Nap»3Si02  *  ^^2  *  O.5O2  (2) 

The  addition  of  lime,  iron  oxide,  or  aluminum  to  the  bed  wiU  raise  the  melting  point  of  the 
bed,  as  indicated  below. 

Lime  Addition.  Lime  (CaO)  addition  and  Si02  will  produce  devitrite,  which  melts  at 
1885®F. 

Nap»3Si02  ^  +  3CaO  -*  Nap^^CaOeSiO^  (3) 

In  the  absence  of  sdica,  calcium  oxide  reacts  with  sodium-sUicate  to  produce  a  product  that 
melts  at  2343°F. 


Nap»3Si02  ^  ^  Nap»2Ca0*3Si02  (4) 

Iron  Oxide  Addition.  Iron  oxide  (F^03)  addition  to  sodium-sUicate  wiU  produce  acmite, 
which  melts  at  1751®F.  However,  for  this  reaction  to  occur  the  iron  oxide  and  sUica  must  be 
available  in  very  fine  particles. 
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Table  3-1 

Melting  Point  of  Seiected  Inorganic  Saits 


Compound 

Chemical 

Formula 

Melting  Point  (°F)® 

Remarks 

Sodium 

Na 

208 

Sodium  Nitrite 

NaNOg 

520 

Decomposes  at 
608°F 

Sodium  Nitrate 

NaN03 

586 

Decomposes  at 
716°F 

Sodium  Hydroxide 

NaOH 

612 

Sodium  Chloride 

NaCI 

1472 

Sodium  Carbonate 

1569 

Sodium  Sulfate 

1623 

Sodium  Sulfite 

Decomposes 

Sodium  Sulfide 

NagS 

1688 

^  Source:  Shackelford  and  Alexander,  1992. 

Table  3-2 

Melting  Point  of  Mixture  of  Fluidized  Bed  Material  and  Inorganic  Saits 


Compound 

Chemical  Formula 

Melting  Point 
(°F) 

Addition  of  Silica  (Si02) 

1175 

Addition  of  Iron  Oxide  (Fe203) 

HHMI 

Acmite 

1751 

Addition  of  Lime  (CaO) 

Devitrite 

Na20»3CaO*6Si02 

Na20*2CaO*3Si02 

1885 

2343 

Addition  of  Aluminum  Oxide  (AI2O3) 

Albite 

Na20«Al203«6Si02 

2026 

Nepheline 

N3pO*AlpO^*2SiOp 

1600 

Albite+Nepheiine 

1954 

I 

I 
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Na^O'iSiO^  +  FCjOj  +  SiO^  -  Na^O^Fe^O^^SiO^  (5) 

Aluminum-SiUcste  Addition.  Kaolin  clay  is  a  natural  mixture  of  hydrous  aluminum  sili¬ 
cates,  Si02/Al203,  in  a  ratio  of  2:1  to  3:1. 

NeLp»3SiO^  +  3Si02  +  Al^O^  -  Nap^Al^Oj^eSiO^  (6) 

Aluminum-silicates  react  with  sodium-silicate  to  form  albite.  Albite,  a  sodium-aluminum- 
silicate,  has  a  melting  point  of  2026®F.  In  the  absence  of  silica,  aluminum-oxide  reacts  with 
sodium-silicate  to  fonn  nepheline  (Wall  et  al.,  1975). 

Na^O-SSiO^  +  Al^O^  -*  Na20»Al20^»2Si02  +  SiO^  (7) 

Albite  and  nepheline  will  form  eutectic  point  at  1954®F.  The  advantage  kaolin  clay  provides 
over  other  clays  is  its  ability  to  react  with  NaCl  directly  to  form  nepheline. 

Aip^^lSiO^  +  2NaCl  +  H^O  -  ZffC/  +  Na^OAip^^lSiO^  (*) 

3.1.3  Emissions 

There  are  several  different  sources  of  formation  in  a  combustion  process,  the  burning  of 
nitrogen  containing  organics  and  high  temperature  combustion  in  air  being  two  major  sources. 
The  actual  emissions  from  burning  nitrated  materials  is  less  than  the  theoretical  potential 
of  aU  NO  components  remaining  as  NO^^,  but  the  emissions  are  higher  for  processes  in  which 
the  burning  materials  are  well  mixed  with  air  or  oxygen  than  when  mixing  is  poor.  By 
design,  the  CBC  is  a  weU  mixed  combustion  process,  so  emissions  from  NO  components 
are  expected  to  be  relatively  high.  At  15  pwcent  solids  in  red  water  (design  case),  if  100 
percent  of  the  NO  components  in  the  red  water  organics  remained  as  NO^^,  over  38  Ib/hr  of 
NOjj  emissions  would  result. 

NOjj  formation  increases  significantly  at  combustion  temperatures  in  excess  of  2400°F,  but 
only  about  0.38  Ib/hr  is  expected  to  be  formed  at  the  relatively  low  temperature  of  op)eration 
in  the  CBC.  Another  soinrce  of  NO^^  emissions  from  the  processing  of  red  water  is  the 
decomposition  of  the  sodium  nitrite  and  nitrate  salts  which  account  for  over  12  percent  of  the 
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solids  content  in  the  red  water.  This  decomposition  could  add  over  10  Ib/hr  of  NO,^  emis¬ 
sions. 

The  emissions  of  would  be  170  tons  per  year  (at  15  percent  solids  in  red  water)  if  100 
percent  of  all  the  potential  formation  occurred.  This  rate  is  below  the  250  ton  per  year  PSD 
limit  for  new  sources,  but  the  limit  is  site  specific.  Typically  100  percent  of  theoretical 
formation  of  NO^  does  not  occur.  Pilot  testing  of  a  solid  nitrogenated  waste  in  a  rotary  kiln 
indicated  that  6  to  12  percent  of  the  nitrogenated  group  remained  as  NO^^.  The  percentage 
decreased  as  the  feed  rate  of  solid  waste  was  increased,  which  increased  the  depth  of  the 
solids  bed  and  decreased  the  e^osure  of  the  solids  to  combustion  air.  The  solids  bed  in  a 
rotary  kiln  is  not  very  well  mixed  with  combustion  air,  so  the  conversion  is  expected  to 
be  lower  than  in  the  CBC. 

Liquid  testing  with  a  mono-nitrated  aromatic  compound  indicated  that  13  to  33  percent  of  the 
nitrogenated  bodies  remained  as  NO^^.  The  liquid  was  fired  through  an  atomized  nozzle,  and 
the  emissions  could  be  modified  by  the  degree  of  atomization.  The  lower  feed  rates 
which  were  more  highly  atomized  had  the  highest  percentage  retention  or  formation  of  NO^^. 
Ehiring  one  test  when  the  feed  rate  was  held  constant  and  the  degree  of  atomization  was 
increased,  the  emissions  increased  by  25  percent. 

If  the  NO^  emissions  were  25  percent  of  maximum  theoretical,  the  emissions  would  be  42.5 
tons  per  year,  and  the  stack  concentration  would  be  1,535  parts  per  million  (^m)  on  a  diy 
basis.  One  of  the  goals  of  the  pilot  testing  will  be  to  evaluate  the  percentage  of  theoretical 
NOjj  emissions  formed.  The  stack  off-gases  during  the  pilot  testing  will  also  have  to  be 
observed  for  the  reddish-brown  visual  emissions  of  high  concentrations  of  NO^^. 

emissions  control  options  include: 

•  Thermal  deNO^^  systems 

•  Catalytic  reactor  deNO^^  systems 

•  DeNOj^  scrabbers. 
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Thermal  deNO^  systems  inject  urea  solution  or  ammonia  into  the  gas  stream  at  1600  to 
1800®F.  emission  reductions  of  up  to  50  percent  can  be  achieved  by  thermal  deNO^^ 
systems. 

Catalytic  reactor  deNO^^  systems  inject  ammonia  into  a  reactor  located  upstream  of  the  I.D. 
fan.  The  ammonia  converts  the  into  N2  and  water.  emission  reductions  of  up  to 
80  percent  can  be  achieved  by  catalytic  reactor  deNO^^  systems. 

DeNOjj  scrubbers  convert  NO  into  NO2  in  an  oxidizing  scrubber.  The  NO2  is  then  converted 
to  N2  in  a  reducing  scrabber.  emission  reductions  of  up  to  90  percent  can  be  achieved 
by  deNOj^  scrabbers. 

Thermal  deNO^^  systems  are  relatively  inexpensive  compared  to  catalytic  reactor  deNO^^ 
systems  and  deNO^  scrabbers.  AH  units  can  be  retrofitted  to  the  CBC  if  required. 

3.1.4  Sulfur  Dioxide  Emissions 

Based  on  the  waste  profile  composition,  sulfur  dioxide  (SO2)  will  be  generated  from  two 
sources.  The  first  source  is  the  organic  sulfur  present  in  the  nitrobodies;  the  second  is  from 
the  reaction  of  sodium  sulfate  with  sand.  (See  Equation  2.)  Estimated  SO2  emissions  finm 
the  incineration  of  red  water  is  28.8  Ib/hr,  which  equals  3,292  parts  per  million  dry  volume 
(ppmdv)  in  the  stack  gas.  Maximum  SO2  emissions  from  the  incineration  of  red  water  at  30 
percent  solids  is  58  Ib/hr,  which  equals  6,584  ppmdv  in  the  stack  gas. 

To  reduce  SO2  emissions,  lime  or  limestone  may  be  injected  on  top  of  the  bed.  Lime  con¬ 
sumption  is  expected  to  be  approximately  25  Ib/hr.  Maximum  lime  consumption  is  50  Ib/hr, 
when  processing  red  water  at  30  percent  solids.  SO2  emissions  and  lime  consumption 
calculations  are  included  in  this  chapter. 

3.1.5  Hydrocarbon  Emissions 

The  emissions  of  total  hydrocarbons  (THC)  or  products  of  incomplete  combustion  (PIC)  from 
an  incineration  process  vary  with  the  types  of  wastes  being  burned,  as  well  as  with  the  type 
of  incineration  system  and  the  combustion  parameters.  The  EPA  "Guidance  on  PIC  Controls 
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for  Hazardous  Waste  Incinerators"  (EPA/530-SW-90-040,  April  1990)  states  that  when  CO 
emissions  are  less  than  100  ppm,  the  PIC  emissions  will  be  low  levels  of  concern  relative  to 
health  risk.  The  combustion  efficiency  of  the  CBC  should  be  such  that  the  CO  emissions  will 
be  weU  below  100  ppm. 

Methane  and  other  light  hydrocarbons  are  typical  PICs.  The  referenced  guidance  document 
lists  commonly  detected  carcinogenic  and  noncarcinogenic  PIC  emissions,  with  Cl  and  C2 
hydrocarbons  being  by  far  the  largest  quantities  listed  (9,600  and  17,000  nanograms  per  liter 
[ng/L],  respectively).  Other  significant  quantities  of  hydrocarbons  listed  include  benzene 
(4,500  ng/L),  chloroform  (1,40  ng/L),  methylene  chloride  (2,800  ng/L),  formaldehyde  (780 
ng/L),  and  toluene  (550  ng/L).  The  guidance  listing  is  a  compilation  of  data  from  many 
different  combustion  processes. 

IT  has  evaluated  PIC  emissions  from  several  different  systems  and  trial  bums.  When 
operating  a  rotary  kiln/secondary  combustion  chamber  syston  at  a  relatively  low  temperature 
in  the  SCC  of  1730°F,  the  only  significant  quantities  of  carcinogenic  and  noncarcinogenic 
PICs  detected  were  benzene  (71  ng/L),  carbon  tetrachloride  (1.2  ng/L),  chloroform  (74  ng/L), 
chloromethane  (170  ng/L),  toluene  (3.8  ng/L),  bromoform  (366  ng/L),  and  dibromochloro- 
methane  (25  ng/L).  Benzene,  carbon  tetrachloride,  chloroform,  and  toluene  were  all  two 
orders  of  magnitude  less  than  the  average  levels  cited  in  the  guidance  document.  The  source 
of  PICs  cannot  always  be  defined.  For  instance,  in  the  test  cited,  the  chlorinated  PICs  were 
probably  the  result  of  feeding  a  chlorinated  POHC  as  part  of  the  test,  but  the  source  of  the 
bromine  that  resulted  in  the  brominated  PICs  has  not  been  determined. 

As  an  indication  of  good  combustion,  the  measurement  of  THC  levels  should  be  one  of  the 
goals  of  the  CBC  pilot  testing. 

3.2  Bed  Material  Selection 

In  a  CBC,  the  auxiliary  fuel  and  red  water  are  burned  in  the  bed  material.  Therefore,  the 
properties  of  the  bed  material  are  critically  important  to  the  performance  of  the  CBC.  It  is 
the  chemical  property  of  material  (i.e.,  high  melting  point)  that  will  prevent  agglomeration, 
and  not  the  concentration  of  die  bed  material.  Therefore,  bed  material  that  forms  a  high 
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melting  point  eutectics  is  desirable  in  preventing  agglomeration  in  the  CBC.  The  following 
bed  materials  were  considered  for  this  application: 

•  Aluminum  oxide  (AI2O3) 

•  Ceramic  material 

•  Dolomite  [CaMg(C03)2] 

•  Gabbro 

•  Granite 

•  Kaolin  clay  (Al203*2Si02«2H20) 

•  Lime  (CaO) 

•  Quartz  (Si02) 

•  Silica  sand  (Si02) 

•  Zirconium  (IV)  oxide  (ZsO^) 

•  Mixtures  of  these  materials. 

These  materials  were  compared  on  the  basis  of: 

•  Chemical  properties 

•  Physical  properties 

•  Price  and  availability. 

3^.1  Chemical  Properties 

As  mentioned  previously  in  Section  3.1,  Waste  Feed  Chemistry,  agglomeration  is  a  major 
concern  when  operating  a  CBC.  The  proper  bed  material  will  not  combine  with  one  of  the 
components  of  the  red  water  to  form  a  low  melting  point  eutectic  mixture.  For  example, 

Si02  will  combine  with  the  sodium  in  the  red  water  to  form  eutectic  mafftrialg  (Table  3-2); 
however,  the  formation  of  the  eutectic  mixtures  may  be  prevented  with  the  addition  of  Fe203, 
CaO,  or  aluminum  silicate.  These  additives  have  to  be  continuously  added  in  the  correct 
proportions  to  the  CBC  when  thermally  treating  red  water.  If  the  quantity  of  the  Fe203,  CaO, 
or  aluminum  silicate,  was  not  correct,  if  the  additive  was  not  evenly  blended  with  the  bed 
material,  or  if  other  chemicals  combined  with  the  additive  before  the  additive  reacted  with  the 
sodium  silicate,  agglomeration  will  occur,  leading  to  CBC  shutdown  and  maintenance. 
Therefore,  for  ease  of  operation,  it  was  decided  to  initially  consider  bed  materials  that  do  not 
contain  Si02.  However,  if  the  evaluation  indicated  that  the  other  materials  were  not  suitable, 
then  Si02-containing  bed  materials  would  be  reconsidered.  Therefore,  gabbro,  granite,  kaolin 
clay  (Al203«2Si02*2H20),  quartz  (Si02),  and  silica  sand  (Si02)  were  initially  eliminated  from 
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the  list  of  possible  bed  materials.  Additionally,  dolomite  and  zirconium  oxide  were  removed 
from  consideration  because  dolomite  typically  contains  Si02  and  zirconium  oxide  is  pur¬ 
chased  as  zircon  sand,  which  is  a  mixture  of  zirconium  oxide  (typically  less  than  2  percent) 
and  SiO^* 

The  following  materials  remain  for  further  consideration: 

•  AI2O3 

•  Ceramic  material 

•  CaO. 

3.2.2  Physical  Properties 

Agglomeration  can  be  delayed  or  eliminated  by  maintaining  good  combustion  circulation  and 
by  carefully  selecting  the  bed  materials.  A  CBC  with  poor  circulation  will  develop  localized 
hot  qx)ts  where  agglomeration  of  the  bed  material  will  start.  By  maintaining  the  proper  air 
flow  rates  and  selecting  a  bed  material  with  the  proper  physical  properties,  good  circulation 
can  be  maintained  and  hot  spots  prevented. 

Consistent  physical  properties  are  required  for  CBC  bed  material.  Variations  in  physical 
propeities,  including  particle  size  and  resistance  to  breakage,  can  lead  to  unwanted  operational 
changes.  Consistent  bed  material  properties  and  CBC  operation  is  particularly  important  in 
the  pilot-scale  CBC.  Red  water  from  different  sources  may  be  tested  in  the  CBC  and,  if  the 
bed  material  varies  from  batch  to  batch,  the  results  of  the  pilot  tests  may  be  obscured. 

Properly  sized  bed  material  will  piopeiiy  circulate  in  the  CBC,  with  only  small  quantities  of 
bed  material  escaping  the  combustion  system  through  the  cyclone.  If  the  size  of  the  bed 
material  particles  is  too  large,  the  particles  will  not  be  entrained  in  the  combustion  gases,  not 
be  separated  from  the  combustion  gases  in  the  cyclone,  and  not  be  returned  through  the  loop- 
seal  to  the  combustion  chamber.  This  process  can  lead  to  localized  hot  qwts  and  poor 
combustor  performance.  If  the  size  of  the  particle  is  too  smaU,  the  particles  will  be  entrained 
in  the  combustion  gases  but  will  not  be  separated  from  the  combustion  gases  by  the  cyclone. 
This  result  will  increase  the  operational  requirements  of  the  gas  cleaning  system.  The 
optimum  size  of  the  bed  particles  is  about  250  microns. 


By:  SKZ 
Checked:  PA/PO 
Approved:  PA 
Date:  02/06/95 


Waste  Feed  Chanistiy  and  Selection  of  Circulating  Media 

rrpcE 

Knoxville,  Tennessee 
Rev.  No.  (0)  (1) 


Area  No.:  10 
Area  Name:  Feed 


Page:  8  of  11 


COMPANY  NAME:  IT  Coipotatioa 

PROJECTNAME:  USAEC 

LOCATION:  Aberdeen  lYoving  Ground,  Maryland 


FRQECTNOj  322243 
SPEC.  NO.; 

WP;  WP1585.3 


The  abrasive  action  of  the  bed  material  and  the  combustion  gases  will  continually  degrade  the 
bed  material  particles  and  reduce  their  size.  Friable  particles  will  degrade  rJ5)idly  in  this 
environment,  resulting  in  increased  particulate  loading  to  the  gas  cleaning  system  and  frequent 
addition  of  material  to  the  CBC  to  maintain  the  pressure  drop  across  the  bed.  Therefore,  the 
ability  of  the  bed  material  to  maintain  particle  size  is  important. 

CaO  can  be  purchased  in  the  desired  particle  size.  CaO  is  very  friable,  which  will  necessitate 
the  continual  addition  of  CaO  to  the  bed  and  will  increase  the  particulate  removal  require¬ 
ments  of  the  gas  cleaning  system.  Therefore,  CaO  was  eliminated  from  further  consideration 
as  the  primary  bed  material. 

Ceramic  materials  are  mixtures  of  aluminum,  calcium,  and  magnesium.  The  composition  of 
these  mixtures  can  change  from  region  to  region  and  from  batch  to  batch.  Depending  on  the 
chemical  composition  of  the  ceramic  material  such  as  CaO  and  Fe203,  it  is  possible  that  some 
of  the  sticky  sodium  compounds  such  as  Na2S04,  Na2S04-NaQ  mixture,  and  Na20»Si02 
will  form.  Therefore,  ceramic  materials  were  eliminated  from  further  consideration. 

The  only  material  remaining  for  further  consideration  is  AI2O3.  Per  Section  3.1,  fllntniniitn 
oxide  will  form  a  high  melting  point  mixture  widi  inorganic  solids  present  in  red  water.  It  is 
this  superior  quality  along  with  its  heat  transfer  characteristics  that  distinguishes  it  from  other 
candidates. 

Z.2.3  Price  and  Availability 

To  prevent  a  buildup  of  sodium  and  eutectic  mixtures  with  a  low  melting  point  in  the  bed, 
bed  material  will  be  continuously  added  to  the  CBC,  and  ash  and  bed  material  continuously 
removed  from  the  combustion  chamber  by  the  ash  cooler  conveyor.  Initially,  a  feed  rate  of 
1.5  times  the  molar  quantity  of  sodium  in  the  waste  feed  is  recommended,  with  optimization 
of  the  feed  rate  during  CBC  operation  (Dorr-Oliver,  1994).  The  recommended  initial  AI2O3 
feed  rate  is  43.5  Ib/hr.  Calculations  are  included  in  this  section. 
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AI2O3  is  widely  available  and  costs  approximately  $790  per  ton.  With  a  recommended  AI2O3 
feed  rate  (after  start-up)  of  less  than  50  Ib/hr,  AI2O3  is  an  economically  acceptable  bed 
material. 

3.2.4  Selected  Bed  Material 

Based  on  chemical,  physical,  and  price  considerations,  AI2O3  is  the  selected  bed  material. 
AI2O3  is  available  in  the  desired  particle  size,  about  250  microns.  AI2O3  will  slowly  decrease 
in  size,  resulting  in  a  long  bed  life. 

Agglomeration  is  not  expected  when  using  AI2O3  as  the  bed  material.  In  the  presence  of 
sodium,  AI2O3  forms  sodium-aluminum  silicates  that  have  melting  points  in  the  1600  to 
2025°F  temperature  range.  These  melting  pmints  are  hot  enough  to  prevent  agglomeration 
during  the  combustion  of  red  water,  provided  the  CBC  is  operated  in  the  1500  to  1600®F- 
temperature  range.  However,  to  prevent  a  buildup  of  eutectic  materials  in  die  bed,  the 
continuous  addition  of  bed  material  to  the  CBC  and  the  continuous  removal  of  ash  and  bed 
material  from  the  combustion  chamber,  is  recommended  (Mullen,  1988;  Zakkey  et  al.,  1984; 
Goblirsch  et  al.,  1983). 

AI2O3  meets  the  chemical,  physical,  and  cost  requirements  for  bed  materials  when  burning 
red  water;  therefore,  AI2O3  is  the  recommended  bed  material. 
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Summary  (Decisions  &  Specific  Actions  Required  by  Named  Persons): 


Q.  What  is  your  recommendation  for  the  bed  material  for  the  incineration  of  red  water? _ _ 


A.  Neutral  agent  such  as  Kaolin  Clay,  which  has  aluminum  silicate  component.  Na-AI  foms  a  high  melting 
point  salt.  _ 


Q.  What  is  the  quantity  of  kaolin  clay  to  be  added  to  the  bed?  _  _ _ 


A.  Usually  start  with  1 .5  x  Na  present,  then  operation  will  optimize  the  quantity.  _ _ 


Q.  What  do  you  recombed  for  SO  removal,  and  NOx  removal/reduction? _ 


A.  Ammonia  &  Urea  injections  in  the  gas  will  get  80%  reduction.  However,  Dorr-Oliver  has  a  proprietary  system 
that  is  sold  with  the  fluidized  bed  only  will  result  is  60-70%  reduction.  _ ^ _ 


Q.  What  is  the  recommended  operating  temperature  of  the  fluidized  bed  when  incinerating  red  water? _ 


A.  1500- 1600  F. 
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4.0  BLOCK  FLOW  DIAGRAM 
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4.0  Block  Flow  Diagram 

The  block  flow  diagram  (Drawing  D-(K)-00-(X)l)  presented  in  this  chapter  is  a  conceptual 
representation  of  the  incineration  system.  A  schematic  (Drawing  D-00-00-(X)2)  of  the 
incineration  system  is  also  presented.  The  system  consists  of  a  CBC,  the  combustion 
chamber,  hot  cyclone,  loop-seal,  and  an  air  pollution  control  system  (APCS),  which  includes 
partial  quench,  baghouse,  I.D.  fan,  and  a  stack. 

Red  water  is  incinerated  in  the  combustion  chamber.  The  hot  cyclone  separates  the  hot  gases 
from  the  bed  material.  The  bed  material  is  recycled  to  the  combustion  chamber  via  the  loop- 
seal.  The  16(X3°F  combustion  gas  is  cooled  to  approximately  450°F  by  spraying  water  into 
the  incoming  hot  gas.  The  partially  cooled  gas  at  450®F  then  enters  the  baghouse  for 
particulate  removal.  The  I.D.  fan  then  exhausts  the  cleaned  gases  to  the  atmosphere  through 
the  stack. 
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5.0  CONCEPTUAL  DESIGN  BASIS 
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5.0  Conceptual  Design  Basis 

Table  5-1  presents  the  conceptual  design  basis  for  the  TNT  red  water  incineration  pilot  plant. 
This  table  includes  the  gas  flow  rate,  temperature,  and  gas  composition  exiting  each  of  the 
major  pieces  of  equipment  in  the  system.  These  parameters  are  presented  for  the  cyclone  exit 
gas,  partial  quench  exit  gas,  baghouse  exit  gas,  and  stack  exit  gas.  The  information  presented 
is  for  the  normal  operational  case  and  for  the  start-up  case.  The  design  gas  flow  and 
temperature  in  this  table  are  used  for  sizing  each  piece  of  the  major  equipment  in  the  system. 

The  gas  flow  rate,  temperature,  and  gas  composition  information  presented  in  Table  5-1  are 
gathered  from  die  M&EB  ouqiuts  for  the  normal  case  and  start-up  case  included  in  Chapter 
12.0.  The  PFDs  and  P&DDs  presented  in  Chapter  7.0  provide  more  detailed  information  on 
design  basis. 


By:  PA 
Checked:  PO 
Approved:  PA 
Date:  01/12/95 


Conceptual  Design  Basis  Area  No.: 

ITPCE  Area  Name:  All  Areas 

Knoxville,  Tennessee 

Rev.  No.  (0)  (1)  Page:  1  of  1 


Conceptual  Design  Basis  for  the  TNT  Red  Water  Incineration  Pilot  Plant' 


a> 

*5 

T5 

a> 

o 


•o 

c 

■=  >s  C 

n- 

®  S“  o 


S:SS  = 

o  ®  «8  C 
■g  O  « 

S.E  ts  9- 
w  « 55 
8^  £•5. 

i=s  85 

C5  <0  O) 

m  C 

00  <D  o 
o)  <a>  ^  -D 

Im* 

<D  CO  O  S 

s  S  ®5 

W  CO  C 

8  E  &! 

£  =11 
®  ®  a,  ■O 
£  £  CO  CD 

c  o  O  ^ 

5  *2  x:  := 
i=  CO  S>  ^ 

a  S 

2  2  c  o> 
8  5^  ® 

s5 1: - 

«  ®  5-£ 

-  0)0  c 

C  _  £  o 
S  «  «  *•» 

5  =  a" 

if 

0^X0 

-  <D  ©  C 
=  -C  V'  o 

iiio- 

-  S  cn  y 


KN/1 S85WP1 585.5-1/01  -1 2-95/DI  /El 


CONCEPTUAL  DESIGN  AND  RELATED  DOCUMENTS 


6.0  PROCESS  DESCRIPTION 
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6.0  Process  Description 


6.1  General  Process  Overview 

The  CBC  is  le^nsible  for  ihe  thermal  destruction  of  wastes  fed  from  the  waste  receiving, 
storage,  and  handling  areas.  Red  water  is  pumped  frmn  a  waste  storage  area  (by  others)  to 
die  CBC  where  it  is  volatilized  and  oxidized.  The  resulting  ofr-gases,  which  include 
circulating  media  cmnprising  aluminum  oxide  and  limestone,  enter  a  hot  cyclone  (to  recover 
the  circulating  media  from  the  gases)  before  diey  are  sent  to  the  APCS.  The  circulating 
media  is  then  returned  to  the  bottom  of  die  CBC  through  a  loop-seal  that  connects  the  bottom 
of  the  cyclone  to  the  CBC  bed.  The  ash  fimn  the  CBC  bed  is  continuously  purged  dirough 
the  ash  cooler  conveyor  and  dropped  into  an  ash  bin.  The  gases  from  the  cyclone  pass 
through  a  partial  quench  for  cooling  in  preparation  for  particulate  removal  in  a  baghouse. 

The  baghouse  removes  more  than  99  percent  of  the  particulate  entrained  in  the  gas.  The  gas 
then  alters  an  IJ).  fan  and  exits  through  a  stack. 

The  CBC  is  designed  to  process  l.S  gpm  of  red  water  (heating  value,  487  British  thomal 
units  per  pound  [Btu/lb])  with  a  heat  release  of  0.4  MMBtu/hr.  The  total  thermal  iiqiut  (due 
to  red  water  and  auxiliary  fuel)  to  the  system  is  4.5  MMBtu/hr,  which  equates  to  a  gas 
velocity  of  20  feet  per  second  (fee^sec)  through  the  ccnnbustion  chamber  and  an  ovoall  gas 
residence  time  of  2.2  seconds  in  the  combustion  system. 

The  following  sections  describe  the  feed  system,  combustion  system,  ash  handling  system, 
and  air  pollution  control  syston.  The  discussion  reference  equi^ent  is  presented  in  Charters 
7.0  and  8.0. 

6.2  Feed  System 

The  CBC  unit  has  three  separate  feed  streams:  limestone,  AI2O3,  and  red  water.  These 
streams  are  shown  in  Drawing  D-OO-lO-OOl  in  Ch^ter  7.0. 

6.2.1  Limestone 

The  limestone,  in  the  form  of  granules  and  chunks,  is  fed  into  tiie  CBC  above  the  main  mass 
of  the  circulating  bed.  The  bags  of  limestone  are  elevated  to  the  feed  platform  by  a  rail 
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mounted  hoist  (H-2006).  The  bags  are  broken  with  a  bag  breaker  (H-2007)  allowing  the 
limestone  to  flow  into  the  limestone  feed  hopper  (H-2002).  The  limestone  is  metered  out  of 
the  hopper  and  into  the  CBC  via  a  variable  speed  screw  conveyor  (H-2003). 

The  flow  of  limestone  to  the  CBC  is  manually  controlled.  The  rate  of  limestone  can  be 
increased  or  decreased  by  adjusting  the  local  speed  controller  SC-201  on  screw  conveyor  H- 
2003.  Before  being  installed,  the  limestone  screw  conveyor  should  be  calibrated  (using 
limestone)  to  determine  the  limestone  flow  rate  versus  the  speed  controller  setting.  This  wiU 
allow  the  operator  to  estimate  the  limestone  usage  rate  during  operation  of  the  CBC. 

The  limestone  usage  rate  will  be  determined  by  feeding  red  water  to  the  CBC  and  measuring 
SO2  and  HQ  emissions  in  the  flue  gas.  Limestone  can  then  be  added  to  die  CBC  bed  to 
achieve  the  desired  acid  gas  concentrations.  This  will  accomplish  two  things;  1)  it  wiU  define 
the  correct  limestone  addition  rate  as  a  function  of  the  red  water  feed  rate,  and  2)  determine 
the  efficiency  and  utilization  of  limestone  for  scmbbing  acid  gases  in  a  CBC  combustor. 

Both  of  these  data  points  will  be  important  for  future  system  scale-up  design.  Note  that  die 
ratio  of  limestone  versus  red  water  feed  rate  is  an  ^iproximation  and  is  i^cific  to  the  red 
water  fed  during  acid  gases  testing.  Changes  in  the  red  water  composition  may  require 
increasing  or  decreasing  the  limestone  feed  rate. 

6.2.2  Aluminum  Oxide  (Ai20g} 

The  AI2O3  consists  of  particles  with  a  diameter  of  approximately  0.03  inch.  The  bags  of 
AI2O3  are  elevated  by  the  hoist  (H-2006)  to  die  loop-seal  platform.  The  bags  are  manually 
removed  from  the  hoist  and  broken  on  the  bag  breaker  (H-2008).  The  AI2O3  then  flows  into 
the  feed  hopper  (H-2004).  The  AI2O3  feed  screw  conveyor  (H-2005)  is  a  variable  speed  type 
which  transfers  the  AI2O3  from  the  hopper  into  the  loop-seal.  This  loop-seal  feed  location  is 
direcdy  beneath  the  cyclone  cone  discharge. 

The  flow  of  AI2O3  to  the  CBC  is  manually  controUed.  The  rate  of  AI2O3  can  be  increased  or 
decreased  by  adjusting  the  local  qieed  controUer  SC-202  on  screw  conveyor  H-2005.  As 
discussed  above  for  die  limestone  screw  conveyor,  the  AI2O3  screw  conveyor  should  be 
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calibrated  (using  AI2O3)  to  detennine  the  AI2O3  flow  rate  versus  ihe  speed  controller  setting. 
This  will  allow  the  operator  to  estimate  the  AI2O3  usage  rate  during  operation  of  the  CBC. 

A  differential  pressure  of  20  to  45  inches  water  column  (im  w.c.)  will  be  maintained  across 
the  bed.  This  pressure  drop  is  an  indication  of  the  amount  of  bed  material  inside  the  CBC. 
The  pressure  drop  across  the  chamber  is  measured  by  the  pressure  differential  indicating 
transmitter  PDIT-206  and  is  indicated  by  PDI-206. 

The  differential  pressure  across  the  circulating  bed  is  controlled  by  both  adding  AI2O3  and 
withdrawing  the  bed  material  through  the  ash  system.  As  salts  build  up  in  the  CBC,  the  bed 
material  must  be  taken  out  to  keep  the  salt  concentration  at  minimum  level.  The  rate  at 
which  bed  material  is  withdrawn  will  depend  on  the  red  water  composition  and  operating 
experience.  As  the  bed  material  is  taken  out,  AI2O3  is  added  to  the  CBC  until  the  desired 
HifFerenrial  pressure  acToss  the  circulating  bed  is  reached.  The  operator  should  also  view  the 
circulating  behavior  of  die  bed  material  through  the  sight  ports.  Again,  through  operating 
experience  with  the  red  water,  salts  buildiq),  and  visual  bed  inactions,  the  operator  will 
determine  the  proper  AI2O3  feed  rate  to  maintain  the  CBC  differential  pressure. 

6.2.3  Red  Water 

The  red  water  feed  is  fed  into  the  loop-seal  through  a  nozzle  which  is  mounted  on  the  AI2O3 
inlet  feed  line  from  feed  screw  conveyor  H-2005  to  the  loop-seal.  The  red  water  mixes  with 
the  aluminum  oxide  and  then  enters  the  loop-seal  coming  into  contact  with  the  circulating  bed 
material. 

All  of  the  waste  feed  permissive  interlocks  must  be  satisfied  before  the  red  water  block  valve 
YV-205  can  be  opened.  The  flow  of  red  water  is  measured  by  the  flow  meter  and  transmitter 
FE/ETr-205.  Flow  controller  FIC-205  modulates  the  red  water  flow  valve  FV-205  to  reach 
the  desired  flow  rate. 

When  the  CBC  is  ready  to  accq)t  red  water,  the  oxygen  concentration  at  the  stack  is  typically 
10  to  12  percent,  dry  volume.  This  is  due  to  die  high  rate  of  secondary  air  to  the  CBC  in 
order  to  maintain  the  desired  CBC  off-gas  flow  rate  (or  velocity)  for  bed  circulation.  When 
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the  red  water  is  added  to  the  CBC,  the  natural  gas  firing  rate  will  increase  thereby  increasing 
CBC  off-gas  flow  rate.  In  reqwnse  to  the  increased  CBC  off-gas  flow  rate,  the  secondary  air 
flow  rate  will  decrease  in  order  to  maintain  the  desired,  flxed  CBC  off-gas  flow  rate. 
Lowering  the  secondary  air  rate  also  lowers  the  stack  oxygen  concentration,  hi  effect, 
increasing  the  red  water  feed  rate  will  decrease  die  stack  oxygen  concentration.  Therefore, 
the  flow  of  red  water  to  the  CBC  can  be  increased  until  die  design  red  water  rate  is  reached 
or  the  stack  oxygen  craicentradon  decreases  to  about  6  percent,  which  ever  comes  first. 

6.3  Combustion  System 

The  combustion  system  comprises  five  regions:  the  wind  box/distributor  assembly,  com¬ 
bustion  chamber,  bed,  hot  cyclone,  and  loop-seal.  The  system  functions  are  described  in  die 
following  sections. 

6.3. 1  Wind  Box/Distributor  Assembiy 

Located  in  the  lower  portion  of  the  CBC,  the  wind  box  is  made  of  refiractory-lined  carbon 
steel.  The  wind  box  receives  combustion  and  circulating  (secondary)  air  from  the  combustion 
air  blower  (B-2001).  Under  normal  operating  conditions,  air  at  ambient  temperature  is  blown 
into  the  wind  box  to  serve  as  combustion  air  and  circulating  ah.  Under  start-iq>  conditions, 
the  ah  is  heated  the  start-iq)  burner  (G-2001).  The  start-up  burner  is  a  5  MMBtuAir 
Vortex  burner,  which  is  located  m  the  wind  box.  The  primary  combustion  ah  is  supplied  at 
the  burner  and  the  secondary  ah  alters  the  buma  housing.  The  system  will  be  heated  by  die 
start-up  burner  off-gases  during  start-iq>  and  hot  idle.  During  start-iq>,  the  system  is  slowly 
heated  to  13()0°F.  When  the  system  attains  ISOO^F,  die  system  slowly  transfers  to  the 
primary  fuel  for  normal  t^)eration.  When  there  is  no  waste  feed,  the  CBC  system  is  placed 
on  hot  idle  at  600®F  to  prevent  the  system  from  completely  cooling  down. 

At  the  top  of  the  wind  box,  a  Hastelloy  distributor  plate  with  tuyeres  is  used  to  equalize  ah 
flow  up  through  die  bed  region.  During  normal  operation  natural  gas  will  bleed  dirougb 
tuyeres  to  combust  and  maintain  temperature.  The  natural  gas  flow  will  begin  flowing  to  die 
myeres  after  die  start-iq>  burner  has  brought  the  system  up  to  1300®F.  At  this  temperature, 
the  fuel  will  spontaneously  combust  when  it  enters  the  bottom  of  the  combustion  chamber. 
The  fuel  flow  to  die  tuyeres  is  controlled  as  a  function  of  the  CBC  the  temperature. 
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6.3.2  Combustion  Chamber 

The  combustion  chamber  located  just  above  ihe  distributor  plate  is  a  vertical  cylindrical 
chamber  made  of  refractory-lined  carbon  steel.  The  chamber  has  a  28-inch  inside  diameter 
and  a  40.5-inch  outside  diameter.  The  carbon  steel  shell  is  0.25  inch  thick  and  is  lined  with  6 
inches  of  castable  refractory.  The  chamber  has  a  height  of  34  feet  from  the  distributor  plate 
to  the  top  of  the  combustor  and  4  feet  from  die  distributor  plate  to  the  bottom  of  the  wind 
box. 

Turbulence,  adequate  residence  time,  and  oxygen  concentration  in  the  gas  at  the  required 
incineration  temperature  are  essential  for  complete  destmction  of  the  nitrobodies.  The  gas 
velocity  through  the  CBC  unit  is  maintained  at  20  fee^sec,  which  provides  more  than 
adequate  turbulence.  An  ^proximate  gas  residence  time  of  2.2  seconds  is  maintained  in  the 
combustion  module,  which  includes  1.7  seconds  in  the  upper  section  of  the  CBC  unit,  0.1 
second  in  the  duct  between  the  CBC  and  the  cyclone,  0.3  second  in  the  cyclone,  and  0.1 
second  in  die  duct  between  the  cyclone  and  the  partial  quoich.  The  combustion  chamber 
temperature  is  maintained  at  ^iproximately  1600°F,  which  is  adequate  for  the  destmction  of 
the  nitrobodies  or  any  other  organic  compounds  based  on  IT’s  e:q)erience.  The  cyclone  exit 
off-gas  contains  about  6  percent  oxygen  (by  volume),  which  is  needed  to  achieve  the  required 
destmction.  An  oxygen  content  of  6  percent  can  be  maintained  based  on  IT’s  experience  in 
operating  CBCs. 

6.3.3  Bed 

Located  above  the  wind  box  assembly,  the  bed  comprises  circulating  media,  which  act  as  a 
large  thermal  fl)nvheel  for  efficient  heat  transfer  to  the  hi^  moisture  red  water  waste  streams. 
Normal  operating  t^perature  in  the  CBC  is  16()0®F.  The  red  water  is  pumped  into  the  loop- 
seal,  which  returns  bed  media  from  the  bottom  of  the  cyclone  to  the  bottom  of  die  CBC. 

The  circulating  bed  consists  of  64  percent  AI2O3  and  36  percent  limestone.  The  AI2O3  will 
be  used  to  prevent  agglomeration  that  could  be  caused  by  the  hi^  levels  of  sodium  in  die  red 
water  feed  (Chtqiter  3.0).  The  limestone  will  be  used  to  neutralize  HQ  and  SO2  in  the 
combustion  gas. 
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6.3.4  Hot  Cyclone 

The  CBC  off-gas  will  enter  the  hot  cyclone  (F-2002).  The  cyclone  is  made  of  refiractoiy- 
lined  carbon  steel  with  a  Hastelloy  Vortex  finder.  The  shell  is  0.25  inch  thick  with  6  inches 
of  castable  refractory,  with  an  outside  diameter  of  38  inches  and  a  length  of  120  inches.  The 
cyclone  is  designed  to  remove  the  circulating  media  that  have  been  carried  over  from  the 
CBC  by  use  of  centrifugal  forces  to  separate  the  heavier  particles  from  die  off-gas.  The 
separated  particles  then  flow  out  of  the  bottom  of  the  cyclone,  into  the  loop  seal,  and  then 
back  into  the  CBC  bed. 


6.3.5  Lx>op-Seal 

The  circulating  media  removed  from  die  combustion  off-gas  are  returned  to  the  bed  through  a 
loop-seal.  The  loop-seal  is  a  refiactoiy-lined  carbon  steel  duct  that  connects  firom  the  bottom 
of  the  cyclone  cone  to  the  CBC.  The  loop-seal  has  a  3-inch  inside  diameter  and  a  15-inch 
outside  diameter.  The  make-up  circulating  media  (aluminum  oxide)  are  added  to  the  loop- 
seal  through  a  screw  conveyor  (H-2()05),  which  are  fed  by  a  hopper  (H-2()()4).  Purge  air  is 
injected  into  die  loop-seal  by  the  purge  air  blower  (6-2002)  and  maintains  the  circulating 
media  in  a  fluidized  state.  The  red  water  waste  feed  is  injected  into  the  circulating  media 
inlet  line. 

6.3.6  Combustion  System  Process  Control  Description 

During  the  start-up  of  die  CBC,  the  staxt-iq>  burner  slowly  heats  the  ^stem  to  ensure  even 
refinctory  heatup.  During  this  start-up,  the  temperature  is  measured  by  thermocouples 
TE-207A  and  TE-207B  m  the  wind  box.  Ihis  temperature  is  controlled  by  temperature 
indicating  controller  TIC-207  which  sets  the  fuel  flow  rate  to  the  start-up  burner  by  cascading 
the  temperature  requirement  to  the  fuel  flow  indicating  controller  FIC-209.  FIC-209 
modulates  the  fuel  valve  FV-209  until  the  flow  demand  is  satisfied. 

Primary  combustion  air  is  supplied  to  die  start-i^  burner  for  stoichiometric  combustion  of  any 
fuel  fired.  The  primary  combustion  air  is  controlled  by  the  ratio  controller  FFIC-204  which 
receives  a  set  point  firom  die  fuel  flow  indicating  transmitter  (FIT-2()9).  FFIC-204  adjusts  the 
primary  air  flow  valve  (FV-204)  according  to  the  set  ratio. 
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The  normal  operating  temperature  in  the  CBC  is  measured  by  thermocouples  TE-206A  and 
206B.  This  temperature  is  controlled  by  a  temperature  indicating  controller  (nC-206).  TIC- 
206  sets  the  fuel  flow  to  the  tuyeres  by  cascading  the  temperature  requirement  to  the  fuel 
flow  indiraring  controller  FIC-219.  FIC-219  modulates  flow  valve  FV-219  until  the  flow 
demand  is  achieved. 

Maintaining  the  CBC  o£f-gas  flow  rate  to  obtain  a  velocity  between  15  to  20  ft/sec  is  required 
in  order  to  continuously  circulate  the  bed  material.  The  CBC  off-gas  flow  rate  (or  velocity) 
is  maintained  by  adjusting  the  flow  of  secondary  air  to  the  CBC.  The  CBC  calculated  off-gas 
flow  rate  is  indicated  by  flow  indirating  controller  FIC-201.  FIC-201  modulates  the  second¬ 
ary  air  flow  valve  FV-201  until  die  desired  CBC  off-gas  flow  is  obtained. 

The  CBC  vacuum  is  maintained  by  modulating  the  I.D.  Fan  inlet  vane  damper  PV-501.  The 
CBC  vacuum  is  measured  by  pressure  transmitter  Prr-210  and  is  located  on  the  loop  seal. 

The  pressure  indicating  controller  PIC-210  varies  the  position  of  PV-501  in  order  to  maintain 
the  desired  vacuum  set  point. 

6.4  Ash  Handling 

The  ash  and  the  circulating  media  are  continuously  removed  by  the  ash  cooler  conveyor 
(H-2001).  The  adi  cooler  conveyor  is  a  variable  speed,  water-jacketed  screw  conveyor  made 
of  carbon  steel,  with  a  5-horsepower  (hp)  drive  motor.  The  ash  cooler  conveyor  extracts  the 
ash/circulating  media  from  the  bottom  portion  of  the  bed.  The  ash/circulating  media  are 
transferred  through  the  screw  conveyor,  where  it  is  cooled  to  about  600°F  and  then  dropped 
into  the  ash  bin  (T-2()01).  The  ash/used  circulating  media  are  transferred  from  the  bin  to 
storage  or  disposal. 

The  ash  cooler  conveyor  will  be  controlled  manually.  Based  on  operating  experience  in  odier 
CBCs,  the  flow  rate  is  adjusted  based  on  maintaining  2  percent  salt  in  the  bed. 

6.5  Air  Pollution  Control  System 

The  APCS  consists  of  a  partial  quench,  baghouse,  I.D.  fan,  and  a  stack. 
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6.5.1  Partial  Quench.  Incinerator  off-gas  from  the  CBC  is  routed  to  flie  partial  quench 
spray  chamber  (T-5001)  through  a  refractory-lined  duct.  The  partial  quench  reduces  the 
tonperature  from  1600®F  to  an  operating  temperature  of  400®F  (450°F  maximum).  The  size 
of  the  carbon  steel  quench  chamber  is  40  inches  outside  diameter  and  33  feet  in  length,  with 
a  3-second  gas  residence  time.  The  dry-bottom  quoich  chamber  is  equipped  with  two 
atomizing  noz2les  for  introducing  cooling  water.  An  airtight  motor-driven  rotary  valve  (H- 
5001)  is  used  to  discharge  collected  dust  to  the  dust  collection  drum  (T-5002A).  The  quench 
chamber  is  constmcted  of  painted  carbon  steel. 

Quench  temperature  is  measured  by  a  thermocouple  (TE-501)  at  ihe  quench  chamber  oufret. 
This  temperature  is  controlled  by  a  temperature  indicating  controller  (TIC-501)  that  sets  the 
water  flow  to  the  quench  chamber  by  controlling  the  flow  valve  (TV-501)  in  accordance  with 
the  water  demand.  The  partial  quench  has  two  water  sources  with  one  for  normal  operation 
and  the  other  for  emergencies  only. 

6.5.2  Baghouse 

Quenched  off-gas  will  be  routed  from  the  quench  chamber  to  the  baghouse  (S-5001).  The 
four-modtile  baghouse  has  dimensions  of  13  by  17  feet  with  a  26-foot  overall  height 
(including  supports).  The  baghouse  has  an  air-to-cloth  ratio  of  3:1.  It  will  have  a  bottom 
with  sides  sloped  at  a  60-degree  horizontal  angle  and  will  be  equipped  with  a  vibrating 
bottom.  An  airtight,  motor-driven  rotary  valve  (H-5002)  will  be  used  to  discharge  dust  from 
the  bag  filter  to  the  dust  collection  drum  (T-5002B).  The  baghouse  body  will  be  constmcted 
of  0.5-inch  steel  lined  with  2  inches  of  insulation.  An  on-line  pulse-jet  type  cleaning 
mechanism  will  be  included  in  the  bag  Alter  to  automatically  remove  collected  dust  from  the 
bags.  The  bags  wiU  be  precoated  widi  lime  to  prevent  the  bags  from  clogging  and  to  react 
with  any  fugitive  SO2  or  HQ  that  may  be  in  tire  quench  off-gas. 

A  key  issue  that  should  be  considered  during  the  process/detail  engineering  phase  of  this 
project  is  transportability.  One  objective  is  drat  the  entire  unit  be  mobile/tran^rtable;  the 
proposed  baghouse  is  based  on  a  conventional  design  with  relatively  lengthy  bags  that  make 
the  unit  taller.  During  the  detail  engineering  phase,  a  shorter  baghouse  design  shoidd  be 
considered  for  mobility. 


By:  SM  Process  Description  Area  No.:  20 

Checked:  PA/PO  IT  PGE  Area  Name:  CBC 

Approved:  PA  Knoxville,  Tennessee 

Date:  01^2/95  Rev.  No.  (0)  (1) 


Page:  8  of  9 


COMPANY  NAME:  IT  Coipoiaiion 

PROJECTNAME:  USAEC 

LOCATION:  Aberdeen  Proving  Ground,  Maryland 


FRQJBCTNO.*  322243 
SPEC.  NO.: 

WP:  WP1585.6 


Due  to  the  high-pressure  drop  across  the  system,  the  I.D.  fan  is  specified  to  produce  60  in. 
w.c.  static  pressure.  The  infiltration  air  through  the  rotary  valves  in  each  of  the  four  modules 
could  be  gignifirant  To  minimize  the  infiltration  air  into  the  system,  a  solenoid-operated 
knife  gate  valve  is  installed  upstream  of  the  rotary  valve(s). 

Pressure  drop  across  the  baghouse  is  measured  by  a  pressure  differential-indicating  transmitter 
(PDIT-504).  The  differential  jaessure  measurement  is  used  to  control  the  cycle  initiation  for 
die  pulse-jet  type  cleaning  mechanism.  Configured  firom  PDIT-504  is  the  pressure  differential 
indiratnr  (PDI-504)  and  high  differential  pressure  switch  PDSH-504.  Whai  the  differential 
pressure  exceeds  the  set  point  of  PDSH-504,  the  bags  are  air  pulsed  for  cleaning. 

6.5.3  Induced  Draft  Fan 

The  prime  mover  of  the  CBC  system  is  the  I.D.  fan  (B-5001).  The  fan  draws  gas  from  the 
baghouse  exit.  The  flow  rate  is  set  by  an  inlet  vane  damper  (PV-501)  in  the  duct  before  the 
I.D.  fan.  The  inlet  damper  is  an  electrically  actuated  damper  that  is  controlled  to  maintain  the 
CBC  pressure  at  a  desired  vacuum.  The  ID.  fan  is  a  centrifugal  type  blower  with  a  ct^acity 
of  5,000  aefin  and  a  static  pressure  of  60  in.  w.c. 

6.5.4  Stack 

The  I.D.  fan  discharges  flue  gas  through  the  stack  (Z-5001).  The  stack  is  12  inches  in 
diameter  with  a  62-foot  height  The  stack  height  of  62  feet  is  based  on  housing  die  entire 
system  in  a  building  50  feet  high.  If  die  system  is  installed  in  an  open  area,  the  minimum 
stack  height  should  be  45  feet  The  stadc  is  equqjped  with  a  continuous  emission  monitoring 
(CEM)  system  for  oxygen  (O2)  and  CO.  The  and  is  measured  during  die  perfor¬ 
mance  testing.  The  CEM  system  includes  alarm  points  in  the  control  system  for  all  of  the 
above  parameters.  The  stack  is  also  equipped  with  nozzles  and  platforms  necessary  to  allow 
sampling  during  the  performance  test. 
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‘TRANSMinCfr  OR  'FRMlSMinPKr.  PC 

4  AMT  riRsi-icncR.  r  osco  pi  co“5?J"2fL'Sl;\ 

IPTIRS  D<OlfrCRCMTiAl).  f(RATlO).  ti<MpKNTART).Jt(TRiC  ^ 
CHANCC).  6(PntCRATC  OR  TOTAtA).  S'  ^ 

TMCSC  IS  pinNOiD  TO  RfRWSiR^  *  *^*2*  **  * 

MCASURCO  VARMlC.  AND  TMC  COM0PIATION  S  TRCATCD  AS  A 
rPTST-linCR  CMTiTT.  thus. 

TWO  WrrtRlNT  VARIABLCS  NAMCIT.  Of 

ANO  TtMPIRAlURC.  MOOlTfPlC  UTTIRS  ARC  USCD  AS 

imCABLC. 


5  rPTSI-LiniR  A(AHAITS»S)  covtw 
DCSCRieCD  BT  A  'USCR  S  CHOlCr 
IHAI  TMC  TTPC  or  ANAITSIS  WAl 

lACCPic  Bueetc  somc  cxampics 


M2 


AIL  ANALTSCS  NOT 
ICTTCR  IT  IS  CiPfCTCD 
BC  OCrPiCD  OUTSiDC  A 
ARC: 


CO  _ 

COMB  >C0MBUST«LCS 

-DISSOiVCO  HVDROCCN 
-CASCOUS  HTDROCCN 
^  -SOORIM 
N2H4  ^HTORAZPIC 
NOa  -MTROGCR  OmOCS 


0 

02 


-OISSOIVCO  OITCCN 
-CASCOUS  OXTCCN 


El2  *S^0US  CMLORPIC 

SMOKC  -smokc  bcnsity 

^  -SULPHUR  nOXDC 


-TURBOTT 


use  A  fRTST-LCniR  U  FOR  ‘MUlTWARlABir  IN  UU  Of  A 
GOmBPIATION  Of  nRSI**LCTTCRS  IS  OPTIONAL.  IT  IS 
RfSSSISSo  Tli^^  TARMBLC  OCSICNATORS  SUCH 

AS  U  BC  USCD  SPARPCLT. 

7.  THC  use  Of  MOOPTPIO  TCRMS  "Heir.  'IOPT.  •MOOlT.  OR 
•pnCRMCttAir.  ANO  'ICAlf  S  OPTIONAt. 

a  THC  TCRM  •SAfCrr  applrs  to  ci«rccnct  protcctm 

PfnMMTT  CLCMCNTS  ANO  yr 

CONTROL  lUMINTS  ONLT  THUS,  A  SClf-ACTUATCO  VA^ 

TKAT  PRtVCNTS  OPCRATION  Of  A  f««  jj**,*?***' 

TNAN-DCURfD  PRCSSURt  «  •tCCOP^l^  f^  ^ 

STSTCM  IS  A  BACK-PRCSSURC-ITPC  PCV. 

IS  NOT  PiTtNOCO  10  BC  USW  MOR^LT.  HOJgJR.  ^ 

MP.VC  IS  OCSIOMTCD  AS  A  PSV  r  IT  IS  PITCHOCO  TO 
PROTCCT  ACAPIST  CMCRCCyr  CONOTiONS 
arc  mZAROOUS  TO  PCRSONMCL  ANO/OR  lOlRPMlNT  AM)  THAT 
ARC  MOT  CiPCCTfO  TO  ARISC  NORMAUT. 

•  nar  passme  ruNCTiON  c  appucs  to  mstrumcnts  or  dcvccs 

*  !!5t  rSSIoc  «  SoASiito  ve..  SUCH  AS  acHi  cussis 
ANO  TCLCVISION  MOWTORS 

Lo  ‘pocAir  hormallt  appucs  TO  thc  rcaoout-analoc  or 

'  mSul-W  MIACTUAi  MCS^UCNT  PI  ThC  CASC  Of  A 
MANUAL  lOADCR,  IT  MAT  BC  USCO  FOR  TMC  CRAL  OR 
MOCATION.  I  C  .  FOR  TMC  NALUC  OF  THC  PPTIATPIC  MARIABLC 

II.  A  pnoi  ucMT  IHAI 

BC  OCSBmTCO  8T  A  fiRSt-LCniR  FOUOWCO  BT  ^ 
SUCCCCORIC'ICTICR  1.  fOR  t"****^-  * 

PRMCATCS  AM  CIPMCO  TR€  PCRiOO  SH0LA>D  BC 
M  n  K  DCSMICO  TO  TAC  a  PROT  LIGHT  THAT  IS  NOT  PART  OF 
M  MSIMMENT  LOOP  TMC  UGHT  ^SKNATCD  M  INC  SAMC 
i1Iat*?0R  Cxampu.  a  Runnpig  UCHT  for  m  ^tCTSpnrlSSr 
MAT  BC  TACCCO  CL,  ASSUMPIC  VOLTACC  TO  BC  TMC  APPWWIATC 
MCASURCO  MARWBll.  OR  TV.  ASSUUMC  TMC  OPCRATPIC  STA^ 
SKMC  MONnORfO  TMC  UNCtASSRCO  **JJ**® 

BC  USCO  ONLT  FOR  APPLICATIONS  IRRCM  A« 

CITIN1.  THC  OISICNAllON  IX  SHOUX)  WT  «  igSOif* 
RUNNPIC  IICMTS.  AS  TMCSC  ARC  n 

PCRMISSIBLC  TO  USC  iMt  UMR  *  iFISK  S*  ° 

FOR  A  MOTOR  RUNIiMC  UCMl  S<  ^>*2?® 

PMCVlOlISLT  DCFINCD  P  M  IS  USCO.  fl  MUST  BC  ClCAR  THAT 
KTSSr  Sees  not  STAiS  fOR  TMC  WORD  -MOTOR*.  BUT 
FOR  A  MOMTORCD  state. 

Il2.  USC  OF  A  SUCCCtOPIC-LtnER  U  FOR 

'  OF  A  C0MBP4AII0N  OF  OTHER  FUNCHONAL  LIHCW  B  O^*®***^ 
THIS  NONSPtCPC  rUNCTIOM  DESIGNATOR  SMOUlO  BC  USCO 
SPARPICLT. 

Il3  A  DDACt  THAT  CONNICTS.  WSCONNtCTS.  OR  T^NS^**^ 

more  CPICUITS  mat  BC  IITMCR  A  SRTTCM.  A  RClAT,  AN  OH-Off 
CONTROLLER.  OR  A  CONTROL  VALVE.  OCP€l®PIC  ON  ThE 

application  _ 


r  THE  OCVICC  MAIPPUtATCS  A  FlU©  PP(X 

not  a  hand- actuated  on- Off  block  vJ 
AS  A  CONTRa  valve  ll  IS  PICORR^  TC 
SUCCtCOiHC-lETICRS  CV  fOR  amtTmp«  q 

A^UATCO  control  valve  FOR  All  APK» 
FLUIO  PROCESS  STREAMS  THE  OCVICI  IS 
rOlLRS 

A  SWITCH.  P  IT  S  ACTIVATIO  BT  MAND| 
A  SWITCH  OR  an  ON-OFF  CONTROLLER 
AUTOMATIC  ANO  IS  THC  FPIST  5^  W 

LOOP  thc  term  “switciT  is  ccncrn 

P  TMC  OCVCI  IS  USED  FOR  ALARM.  P| 
SCLCaiON.  PITCRIOCK.  OR  SATETt 

the  term  "CONTROLLtr  «  MNER^ 
THE  OCVia  IS  USCO  FOR  NORMAL  OPf 
A  RELAY.  P  IT  B  AUTOUATC  ANO  6  ^ 
SUCH  OCVICE  PI  A  LOOP.  I  E  .  IT  IS  A^ 
ASWfTCH  OR  AN  ON-OFF  CONTROilIf 

IT  A  CXPCCTCO  that  thc 

OF  SOCCCCOP«-lEnER  Y  WILL  BC  OEFlw 

ON  A  OMCRAM  WHIN 

NiCtSSARy.  IMA  OCFIMJKW  NtC®  » 

FUNCTION  B  SEir-DrtOCNi.  AS  FOR  A  S( 

FLUID  signal  LPIE 

IlS  TMt  MOOPYPiC  TERMS  ‘MlClf  ANO  *lOlP 
'  -piTCRMCDMir  CORRCSPOl«  TO  VNIKS 
VARlABlC.  NOT  TO  VALUES  OF  THE  SttMAi 

notco.  for  cxampu.  a  HiCH-tcm  ^ 

A  RtVCRSt-ACTPiC  LIVCL  TR*R«f^5" 
lAM.  EVEN  THOUGH  THE  ALARM  A  ACTU* 
KTu  TO  A  LOW  VALUE  TMC  TERMS  MAY 
COMBPIATION  AS  APPROPRMTC 

TMt  TERMS  "Mtf»r  ANO  ‘LOXT  RMEN^J 
values  ANO  OTMCR  OPCN-CLOSC  mvce' 
FOLLOWS;  *MK>C  DCNOTCS  THAI  iHl  VAl 
APPROACHMC  TMC  folly  OPEN  POSITION 
that  n  a  Pi  or  approacmpic  the  Fin 

||7  THC  WORD  -RECORCT 
'  STORAGE  Of  PPORMATION  THAT  PCRMlISl 
MEANS. 

Itfl  FOR  USE  Of  THE  TERM 
'  see  OCfiBllONS  PI  SECTION  J  Of  RCFtj 

FPTST-LETTER  V.  ‘VIBRATION  OR 
tiTCNOEO  TO  PCRFORM  TMC  C^PS  IN  M 
THAT  thc  UnER  A 

EXCEPT  FOR  ViBRAllON.  IT  B  EXPECTED 
Of  PiTtRCST  WILL  BC  OCFINED  OUTSIDE 

first-letter  Y  B  PITEMMp  i 

momtorinc  responses  are  cvemt-drH 

TIME  OR  TXAE  SCMEOUlE-ORWtN  THE  l' 
POSITKM.  CAN  ALSO  SICHPY  PRESENCE 

moopyimc-ictter  X.  m  combination  » 
SUCH  AS  L.  T.  or  W.  SK5NPIES  A  TIME 
THC  MEASURED  OR  INiTMTPiC  VARMBir 
FOR  INSTANCE.  MAT  RCPRtSEMT  A  RATE 
CONTROLLER 


NOTES 


IHt  PWlTOSt  Of  IMS  SHttI  «  to  PWStHT  *  ^  Mf"""  ",  ;? 
CCMTPCaHON  TmA  sheet  should  PROflOC 

unocrsiano  the  patrumemt  representation  used  on  imi  assocmied  p  *  ios 


r  IMC  OCVICC  UMMPULAICS  A  riUlO  PtOCI  >S  STtCAy  ANO  ts 
ItOI  A  HANO-ACfUAUO  ON'OTF  BLOCK  VMWt  11  IS  OCSCNATfO 
AS  A  CONTROL  VALVE  II  IS  MCORRCd  TO  'iSE  ThC 
SUCCCCaNC'lCTTCRS  CV  rOR  ANYIHMC  OTXR  Than  A  SElf- 
ACTIMTEO  CONlROi  ViV.V(  FOR  ALL  APPlCATDNS  OTXR  Than 

nuo  pRoass  streams,  the  device  is  ocsiomicd  as 

FOURS 

A  fUlTCH.  IF  IT  IS  ACTMATCD  Br  »«NO 
A  SWITCN  OR  AN  ON-OFF  CONTROLLER.  :F  R  IS 
AUTOMATA  AND  IS  THE  FBTST  SUCH  OCVICC  M  A 
LOOP.  THC  TCRU  *SIMTC»r  S  CCNCRALLY  USED 
r  the  ocvcc  is  used  for  alarm.  PCOT  UCHT. 

SEUCTION.  RfTERLOCR.  OR  SAFETT 

The  term  *coNTRoaEr  is  ccnerallt  used  r 
the  OCVCC  is  used  FOR  normal  OPCRATMC  control 
A  RELAY,  r  n  S  MJTOIMTC  ANO  S  NOT  THE  FMIST 
SUCH  OCVCC  M  A  LOOP.  I.C  ,  IT  IS  MTtATCO  BY 
A  SNITCH  OR  AN  ON-OFF  CONTROUCR 

14  IT  IS  CXPCCTEO  THAI  THE  FUNCTIONS  ASSOCIATCO  WITH  THC  USE 
OF  SUCCCEOMC-LCnCR  V  WIL  BE  OCFPICO  OUTSlOC  A  BUBBLE 
ON  A  OIACRAM  WHEN  FURTHER  OCFMITION  S  CONSiDCRtO 
NECESSARY.  THIS  DCFMlTON  NEED  NOT  BE  MADE  WHEN  THE 
FUNCTDN  is  SClF-CVOCNT.  AS  FOR  A  SOLENOO  VALVE  M  A 
FLIRO  signal  LME 

IS.  THE  MOOTYMC  terms  *HlG*f  ANO  'lOlT  ANO  "UCOiC  OR 
'MTCRMEOIATr  CORRESPOND  TO  VALUES  OF  MEASURED 
VARMBLC.  NOT  TO  VALUES  OF  THE  SCNAL.  UNLESS  OTHERWISE 
NOTED.  FOR  EXAMPU.  A  HCH-LEVCL  ALARM  DERIVCD  FROM 
A  REVERSE -ICTMC  LEVEL  TRANSMITTER  SCAAL  SHOULD  BE  AN 
LAH.  EVEN  THOLICH  THE  MARM  IS  ACTUATED  NNCN  THE  SCNAL 
FALL5  TO  A  LON  VALUE  THE  TERMS  MAY  B(.  USED  M 
COMBNMICN  AS  MIPROPRIATE. 


22  SUCCECDlNC-imCR  K  IS  A  USfR  S  OPTION  FOR  DCStCNATlNC 

A  CONTROL  SIAtlON.  wmt  THE  SUCCCLOPC- lCHCR  C  IS  USED 
FOR  DESCRiBtNC  AUTOMATC  OR  MMIUAL  CONTROLLERS 

23  A  TEST  connection  1$  A  PROCESS  CONNECTION  TO  WHICH  NO 
MSTRLJMCNT  IS  PCRVMNENTIV  CONNECTED.  BUt  VHCH  IS 
MTCNOCD  FOR  TEMPORARY.  MtCRMinENT.  OR  FUTURE 
CONNECTION  OF  AN  MSTRUUENT 

PP  -DESCNATES  A  POMT  FOR  PRESSURE  MEASUREMENT 
rw  -DCSCNAICS  EMPTY  THERMOWELL 
FP  -OCSCNATES  FLOW  POMT  WITH  UNtNSTAUEO  ELEMENT 
(ORTACC  FLANGCS  WITH  NO  PLATE) 

AP  -OCSCNATES  A  FABRCATED  CONNECTION  OCDCATCD  TO 
AN  ANALYSIS  SUCH  AS  A  VALVCO  SMAPIC  NOZZU 

24  VALVES 

-PA  DCVCC  MANIPULATES  A  FLUO  PROCESS  STREAM  AND  IS 
NOT  A  MANUALLY  ACTIMTCO  ON-OFF  BLOCK  VALVE,  IT  SHALL 
BC  OCSICNATCO  AS  A  CONTROL  VALVC 

-A  HAND  CONTROL  VAiVC  HCV  IS  A  MANUALLY  ACTUATED 
VALVE  THAT  MODULATES  (THROmCS)  A  PROCESS  STREAM 

-SaCNOlO  VALVES  m  pneumatic  SWITCHMC  SERVICE  SHALL 
BC  DCSCMATCD  A$  Y,  It  .  FT.  Hr.  Jt.  HC  SOLENOID 
VALVtS  M  PROCESS  STREAMS  SHALL  BC  OCSCNATED  V, 

I  E  .  rV.  MV.  UV.  ETC. 

-motorized  VALVES  ARC  OCSCHATED  THE  SAME  AS  OTHER 
CONTROL  VALVtS.  EC.  fV.  PV,  MY.  ETC 

-AN  ON-OFF  VALVC  REMOTELY  CONTROLLED  BY  A  HAND- 
SWITCH  IS  DESIGNATED  AS  A  HAND  VN.VE  HY. 


IB  THC  TERMS  ”HC»f  ANO  *10^  WHEN  APPLCD  TO  POSITIONS  OF 
values  ANO  OTHER  OPCN-aOSE  OCVCCS,  ARC  DCFPICO  AS 
FOLLOWS:  *NC»r  OCNOrtS  THAT  THE  VALVE  IS  M  OR 
APPROACHMC  THE  FUUT  OPEN  POSITION.  ANO  'LOW  DENOTES 
ImT  H  IS  M  OR  APPROACHMC  THC  FULLY  CLOSED  POSlTDN 

17.  THE  mono  'RtCORCr  APPlCS  TO  ANY  rORV  OF  PERMANENT 
STORAGE  OF  INFORMATION  THAT  PERMITS  RE'RCVAL  9f  ANY 
MCAF&. 

IB.  FOR  USE  OF  THC  TERM  'TRANSMincr  VERSUS  *CONVERTir. 
see  OerMTONS  M  SCCTKM  3  OF  RCFCRCN;C  DOCUMENT. 

IB.  FBIST-LCTTER  V.  ‘V0RA11ON  OR  MCCMAMCAL  ANALYSST.  IS 
MTCNOCD  TO  PERFORM  THE  DUTCS  IN  MACHMCRY  MONlTORPlC 
TmT  THE  LtnCR  A  PERFORMS  M  MORE  CC.4ERAL  ANALYSES 
EXCEPT  FOR  VIBRATION.  0  6  CXPCCTCO  ImT  THE  VARIABLE 
OF  MTERCST  WILL  BC  DCFlNCD  OUTStDC  THE  lACCtNC  BUBDlE 

TO  FlRSr-LEnCR  T  IS  MTCNOCD  FOR  USE  WHEN  CONlROi  OR 
MOMTORMC  responses  ARC  CVfNT-ORMN  AS  OPPOSED  TO 
TRAC  OR  TME  SCHEOLRC-ORIYEN.  THE  lEHER  Y.  M  THIS 
POSniON.  CAN  ALSO  SICNTY  PRESENCE  OR  STATE 

rt.  MOMFYNIC-LETTCR  K.  M  combination  WITH  A  FIRST -lETTCR 
SUCH  AS  L.  I.  OR  W.  SICMFIES  A  lAAE  RATE  OF  CHANa  OF 
THC  MEASURED  OR  MUHTMC  VARIABLE  THE  VAAMat  WKIC. 

FOR  PFSiANCe,  may  REPRESENT  A  RATE  -  Of -WEIGHT -LOSS 
CONTROUCR 


HAND  ELECTRIC  SWITCH  DESIGNATIONS 


-CMCRCCNCY  STOP 


t/J  EMCRCCMCY  STOP/JOG 

2PBL  -2  PUSH  BimOHS  (ON-OFF)  MOMENTARY  WHH 
BACK  LICHT(S} 

3PB  -2  MOMENTARY  PUSH  BUTTONS  (ON-OFF) 

S/J/R  -STOP/ JOG/RUN 

5W  -SELECTOR  SWITCH 

HOA  -hand.  Off.  AUTO 


USER'S  CHOICE  OESIGHATIONS 


INTERNATIONAL 

TECHNOLOGY 

CORPORATION 


U.S.  ARMY  ENVIRONMENTAL  C 
ABERDEEN  PROVING  GROUND.  M 


AREA  00 

PIPING  *  INSTRUMENYATION  D« 
INSTRUMENT  IDENTIFICATC 


^iwiED  Pggf?  ■■  PCygts  ••  TRANSMmcn  R^vf PRNywm  irrr 

>INC  M)K:a|inC  MIHO  JSSSx  HKW^.  IOR  COUB  RCCOROING  MO.CATINC  41<N0 


SOLENOIDS. 

RELAYS. 

PRIMARY 

TEST 

COMPUTMC 

Devices 

EICMCNT 

POMT 

AY 

A£ 

iTjmi 

SATcrr  I  riNAi 
Device  I  eieMCNT 


51 

SM  rsi 

eSH  fOSl 

rsM  rrsL 


lES 


32  succccoMC-icncii  K  IS  A  usrRs  opt«m  roR  ocskmaimc 

A  CONTROi  SUrOM.  wme  IMC  SUCCCCOlNC-lCT7fR  c  IS  USCD 
rOR  DCSCftieiNC  AUTOMAHC  or  MWIUM  CONlROLieRS 

2i  A  USI  CONNCCIION  1$  A  RROCCSS  CONNCCICN  tO  WHCH  NO 
MSIRIMCNT  1$  RCRIMNCNTIY  CONNCC1CO,  lUT  WHICH  1$ 
MICNOCO  rOR  TCMRORAirr.  INiCRHimHi.  OR  rUTURC 
CONNCCIION  or  AN  NSIRUMCNI 

RR  >DCSICNATCS  A  ROMI  rOR  RRCSSURC  MCASURCMCNI 
TW  -DCSieWteS  CMRTY  IHCRMOWClL 
rR  >OCSlGNAICS  now  POINT  MTH  UNUISTALICO  CICMCNT 
(ORTACC  riANCCS  MTH  NO  PlATC) 

AR  -OCSICNATCS  A  rARRlCATCO  CONNCCIION  DCOlCATCO  TO 
AN  ANAiTSIS  SUCH  AS  A  VIAi^D  SNylRlC  NOZZli 

34  VALVeS 

•  r  A  M^c  MAMPULATCS  a  riuo  PROCCSS  STRCAN  and  is 
NOT  A  MANUALIV  ACTUATED  ONoOfF  tlOCK  VALVt.  IT  SHAll 
K  MSClMTfO  AS  A  CONTROi  %IAiVC 

-A  HAND  CONTROi  VALVC  HCV  IS  A  MANUALLY  ACTUATCO 
VALVe  THAT  II00UUTC5  (THROHlCS)  A  PROCCSS  STREAM 

•SOiCNO«  VAiVeS  M  PNCUUAIIC  SMTCMNC  SCRVCC  SHALL 
•C  OCSICNATCO  AS  Y.  IC..  FY.  KY.  J1,  HC  SOtCNOlO 
VALVeS  M  PROCESS  STREAMS  SHALL  BC  DCSICNATeD  V. 

I  £  .  FV.  MV.  W.  ETC. 

•  MOTORlZf 0  VALVES  ARC  OCSICNATCO  IHC  SAME  AS  OTHER 
CONTROi  VAiVES.  EC.FV.PV.HV.  ETC 

-  AN  ON-OFF  VM.VC  RCMOTCLY  CONTROiiEO  BY  A  HANO- 
SVITCH  IS  DCSCNATCD  AS  A  IMNO  VNVC  HV. 


HAND  CLCaRIC  SWTTCH  DESIGNATIONS 


E 

-EMERGENCY  STOP 

J 

-JOC 

E/J 

EMERGENCY  STOP/ JOG 

2PBL 

-3  PUSH  BunONS  (ON-OFF)  MOMENTARY  MTH 

BACK  IICHT(S) 

3PB 

-2  MOMENTARY  PUSH  BUTTONS  (ON-OFF) 

S/J/R 

-STOP/JOC/RUN 

SW 

-SELECTOR  SWITCH 

MOA 

-hand.  oft.  aijto 

USER’S  CHOICE  DESIGNATIONS  I 

|^3C3Bi1I2]G3I _ 

laassssBl 


m 


INTERNATIONAL 

TECHNOLOGY 

CORPORATION 


Kne««A«.  Ttnntttt* 


U.S.  ARMY  ENVIRONMENTAL  CENTER 
ABERDEEN  PROVING  GROUND.  MAf:Y'>N0 


AREA  00 

PIPING  *  INSTRUMENVATION  DIAGRAM 
INSTRUMENT  IDENDFICAT!ON 


PROJ.  NO. 


322243 


DRAWING  NO. 


0-00-11-001 


5 


16  I  15 

CCNERAt  INSTRUMENTS 

msthumcni  ron  sincic 

OMCASUACD  VARlAaC  AND 

ANY  NUW0CR  or  rUNCnONS 
WSimjliCNT  IS  F<lD 
MOUNUD 

INSmOMtNI  IS  yOONUO  in 
r  7  rnoN?  or  loCA*.  panci 


MSmuUCNT  IS  UOUNICD  M 
PCAR  or  lOCAL  PANEL 


SMAWCO  DISPLAY  QP  V<W1UAL  (SOTTPAWE  BASED) 
SYMeOiS  AND  SWTCM 


PEWOfE  OP  MINO 
•OCATOP/CONTPaiER 


AUmiARV  OPERATORS 
MURrAa  DEVICE 


CONTROl  ROOM  P40ICA10R/ 
CONIROIIER/RECORDCR  OR 
ANNUNCIATION  POWl 


COMPUTER  ruNcnoN 


PROCRAMUABLE  lOOC  CONTROL 


c  (Hon  9} 
c^  (Non  c) 


>.£  (NOn  B) 
/Cl  (HOJI  C) 


MOn  A  »40ilfN  ON  IHE  UPPER  ANO  LOWER  iCr? 
NANO  SPX  WPJ.  BE  THE  DtSPLAV  SUCH 
AS  ON/Cff.  OPCM/aOSEO.  SCI/RtSET. 

LAN.  LAL.  IDA  (SCIPOR4T  OCVAATlON} 
lOA  APPlCS  TO  MRIUAL  (SOrTWARC) 
ALARMS  ONLY  IT  IS  UNDERSTOOD  THAT 
A  VIRTUAL  SYRTCH  EXISTS  MTH  A  IRPOUE 
TAG  NUM8ER  rOR  INC  LOOP 

Aiorr  B  electrical  and  hand  snuch  designation 

WILL  BE  SHOWN  ON  THE  UPPER  RIGHT 
HAND  SIDC 

NOrt  C  PANEL/CONSaE  OEBCNATiON  IMLl  BE 

9*Om  ON  THE  LOWER  RkXT  HAND  UX. 

0  NO  panel  is  OESKMATIO.  THE  SMTCH 
OR  DtSPLAV  WP.I  APPEAR  ON  THE  CONSOLE 
M  THE  AREA  or  THE  ORAWMC  ON  WMCM 
THE  SYMBOLS  APPEAR. 


_ SIGNALS  AND  UNES _ 

-  connectkm  to  process  or 

MSIRUMCNT  »N>UI 
■  ■»"  PNELMATTC  SIGNAI 

- electrical  SCNAL 

internal  system  link 
(SOriWARC  OR  DATA  LMK) 

- M - M -  CAPILLARY  TUBmC 

(rpiCO  SYSTEM) 

--i - .  steam  IPIE 

—  I - 1 —  electrical  lINC 

— « - e—  MECHAMCAl  Itw 

TYPICAL  CONNECTION  ANY  VARIABLE 


IN  I 


COC00007  I0/I3/SA  7:54om  JWH 


14  i  13  i  12 

TYPICAL  CONNECTION  ANY  VAWABIE  (CONrCpT 


n 

SENSORS 


OIRCCT  CONNECTION  PROCESS 
BLOCK  VALVE  SYMBOL 

optional 


CLCCIRICAL  connection 


ruLio  srsTtM 

OIRCCT  connection 


— txj— J 

s 

SENSORS  -  PRESSURE 


DIRECT  connected 


CAGE  CLASS,  external 
riOAT.  DISPLACEMENT 
OrrCRCNTIAL  -PRESSURE 
type  ItVCL  MSTRUMCNT 


-VALVES  usually  SHOWN 
0  LARGER  than  r 


MTCRNAL  ball  nOAT 


OMIT  riANCC  ir  SCREWED 
connection  (TYPICAL) 


internal  ball  eloat 


WITH  OIAPHRACM  SEAL  PIPE 
MOUNTED 


WITH  OIAPHRACM  SEAL  LINE 
MOUNTED  (rCANaO) 


SENSORS  -  aow  (NOTE  2) 


COMTACTMC  PROBE 

CONOUCTIYC  TAPE 

CAPAOTANCC 

CONOUCTANa 

optical 

VIBRATTNC 


external  OIAPHRACM 


SENSORS  -  TEMPERATURE  (NOTE  4) 


© 


VENTURI  TUBE  OR 
now  NOZZLE 


PITOT  OR 
VENTURI  TUBE 


target  type  sensor 


©0 


& 

HS)4^ 

I— 


n  -  INERMOMETCR 
TW  -  THERMOWELL 
(Bl  -  METAL  OR  CLOSE 
coupled  riLLCO  SYSTEM) 


R70  (IT  APPLiCABlf ) 
SRMXE  SENSOR  M  WELL 


DUAL  SENSORS  M 

SMaE  WELL 


rUlEO  SYSTEM  WIH 
CAPILIARY  (REMOTE 
mounted  MSTRUMCNT) 


VALVE  NOTATION 

MOTOR  ACTUATED  VALVES  (TYPICAL) 


»-EH 


MACNCTK  now  METER 


IN  line  MSTRUMCNT  J) 


now  totalizer  moicator 


SIGHT  now  METER 


1/  ^ -  normal  mode  fSTf  ftOTt  BCLOw) 

c  -  fAnuRE  MODE  -  ro.Fc.n.fi 

DIAPHRAGM  actuated  VALVES  (TYPICAL) 


>  normal  mode  rsrr  nott  enow) 
■  f arurc  mode  -  fO.rc.fi.Fi 


VALVE  N01 

NOTE 

FAIL  POSITIONS  All 
fO-INOlCAtES  fail 
FC-MOtCATTS  FAX 
FL-INDICAIES  fail 
FI-INOICATES  FAX  I 

normal  MOOE  I0(N 
SHOULD  ONLY  BE  U 

valves  «H0$£  POS 

BY  SHAONC  THC  Vi 


valve  BOI 
lYPlI 


I  VALVC-BOOY  ports  that  ARC  CLOSED  M  NORMAL  OPERATION  ARE  BLACKENED  THE 
OPfRAlMC  CONDITION  SHOWN  FOR  MAM  VALVE  BODIES  CORRESPONDS  TO  FULL-LOaO 
OR  normal  OPERATION  RCCAROLESS  OF  THE  TtPC  OF  ACTUATOR  SOlCHOO  PILOT 
VALVE  SHALL  BE  SHOWN  M  THEiR  DCCNERQ7C0  POSITION 

7  nCNlTIFY  both  the  actual  ELEMENT  WHICH  IS  PLACED  IN  ThC  LMC  ANO  ThC  MSTRUMCNT 
UNLESS  the  DEwa  IS  ONE  UMT 

FE  ORIFICE  PLATE  FT  TRANSMITTER 

FI  magnetic  flowmeter  WITH  MTCCRAI  TRANSMITTER 


3  THE  rypc  or  now  instrument  is  usually  named  outside  the  mstrument  circle 
EC  magnetic  flowmeter.  OlSPLACCUtNT  METER  MASS  FLOWMETER 

4  TAG  THC  IHERMOWCLL  SEPARATELY  IF  IT  IS  REMOTE  MOUNTED  FROM  iHt  INSTRUMENT 

TW.  lie  REMOTE  capillary 

Tl  DIAL.  IHERWOMC1ER 

TE.  Tj  TtsERUOCOUPlC  A^:0  TOANSUITTSR 

TT  TRANSMITCR  BUKI-M  TO  THERMOCOUPLE  HEAD 


E 


CAGE  CLASS.  ClTCKNAl 
riOAf.  D4SPLACEIICNT 

OirriRtN  PAL  .PRESSURE 
type  ICVCl  MSTRUMENI 


-VAlVtS  USUALIT  SHORN 
IF  lARCCR  1HAN  t* 


MTERNAE  BAU  riOAl 


-OMt  riANGE  r  SCREWED 
CONNECTION  (tTPCAl) 


MTCRNAl  BAU  flOAl 


UULPPie  PROBE 


CONTACTINC  PROBE 

CONOOCTIVC  tape 
CAPAOTANCC 
CONOUCTANa 
OPTIC  At 
VIBRATMC 


CMTIRNAl  DMPNRACU 


RATURC  (NOTE  4) 


I  >  TMCRIIOIICIC* 

V  -  INCRWOBCU 
R  -  METAL  OR  aOSC 
OUPiCD  r^LCO  STSIEU) 


TO  (f  APfllCABlC) 
•Nac  SENSOR  M  «cu 


JAl  SENSORS  M 
NaC  WELL 


.ICO  SYSTEM  WTH 
AfTLlART  (REMOTE 
XMTCO  PiSTRUMCNT) 


VALVE  NOTAHON  (CONtD) 


NO  It 

fAA  POSITIONS  All  BODY  STYlCS 
rO-MOICAIES  FAJI  OPEN 
FC.PrtACAnS  FA*  CLOSED 
ft-P<0(CATtS  fail  lOCKCO 
ri.pioiCATis  fah  noeuruinau 

NORMAl  MOOC  lOCNIlFICAPON  (I  t  NO  NC  ) 
SNOmO  ONLY  BE  USED  FOR  ON-OFF  TYPE 
VAlVtS  WHOSE  P05IP0N  CANNOT  BE  SHOWN 
BT  SHADING  me  VAS^  body  (NOIT  Ij 

CONIRCH  VALVE  BODIES 
(PtM  aosiD 

I - CXI - \  CATE  >  - S 

I - DOO - (  PlUC  i - BOB - i 

- 1  NEEDLE  ^ - BfB  ( 

H  BUTTERFLY  ^ - 1  ♦  F— ( 

t - IXi - 1  CHECK 

I - »-“H - 1  strainer 

t  <  BT - (  OUPl'  K  STRAINER 

h f'H - \  WYl  strainer 


VALVE  NOTATION  (CONfO) 


NORWniV  CLOSED  with 

handwheel  operator 


normally  aOSED  WITH 
ym  AND  MAX  STOPS 


SELF-ACTIVATED  DEVICES  -  PRESSURE 


# 


THREE  WAV  ^NOrr  0 
(ARROW  SHOWS 
HC-CNERCIZCO  PATH) 

TOUR  WAY  (ftOTT  l) 
TARROW  SHOWS 
dC-ENCRaZO)  PATH) 


VALVES  -  ACTUATORS 


MOOC  (ser  /tort  mow) 
MODE  -  fo.fc.rt.Fi 
VALVES  (nrPiCAi) 


iicot  (see  ftoTi  mow) 

AOO€  -  FO.fC.Fl.ri 


AMCD  OUTSIOC  THE  MSTRUUENT  CMCLE 
ER  MASS  FIOIMCTIR 


tIOTC  MOUNTED  fROU  THE  INSTRUMENT 


HAND  OR  handwheel 


MANUAL  RESET  AFTER  LATCH 
lOPPONAL) 


PNEUMATIC  diaphragm  WITH 
A/S  POSITIONER 


aCCTRIC  ANALOG  SiCMAL  TO 
PNEUMATIC  VALVE  WlPl  I/P 
CONVERTOR  AND  NO  POSIPONCR 


rotary  motor  (SNOWN 
TYPICALLY  WITH  ELECTRIC 
SIGNAL) 


PNEUMATIC  CYVINOCR 
(PNEUMATIC  ANAIOC  PM»Ul) 


PNEUUAPC  CYLINDER  SPRING 
.71  turn  to  FAH.  POSITION 
FOR  CICCIRIC  OR 
PNEUMATIC  FAILURE 


VALVE  BODY  WITH  ACTUATOR 
typical  SYMBOLS 


normally  OPEN 
NO  POSITIONER 


PRESSURE  RCOUCINC 
regulator  with  external 
PRESSURE  TAP 


BACXPRESSURC  regulator 
wth  external  pressure 

TAP 


DIFFCRENnAL  PRCSSURt 
REOUCINC  PECULATOR 
wiiH  internal  and 
EXTERNAL  PRESSURE  TAPS 


PRESSURE  RCOUCINC 
REGULATOR  SELF  CONIAINCD 


BACKPRESSURE  REGULATOR 
self.  CON  TAMED 


PRESSURE  RCICF  VALVC 


prcssureaacuum 

REKF  VALVE  WITH 

flame  arrester 


rupture  DISK  OR  SAFETY 
HEAD  FOR  PRESSURE  RELIEF 


RUPTURE  DISK  OR  SAFETY 
HEAD  FOR  VACUUM  RELIEF 


SPEED  CONTROL  VALYt 


SEIF-ACTUATED  OCVKtS  -  lIVlL 

f  I  J  UY€l  REGULATOR 
WITH  michank:al 

/  LMKACf 


SElF-ACTUATIO  DEVICES  -  TEMPERATURE 


temperature  regulator 

FAICD  SYSTEM  TYPE 


SQf-ACTIVAlE  OWCtS  -  PRESSURE  (CONID)  1 

SELF- 

ACTUATED  DEVICES  -  FLOW 

r(UP- 

stream  VALVE) 

V - ^  \  ROTAMETER  YRTM  VALVE 

\  StlF-CONlAMIO 

(DOWN- stream  VALVE) (OR FERENTIAL 

REGULATORS  Will 

NOT  BE  SHOWN) 

i”(UP- 

STREAM  VALVE) 

i-J(^ 

V-H  ROIAMEIER  with  VALYt 

SClF-CONtAMED 
(OWfCRENIlAL 

REGULAIORS  YRIL 

NOT  BE  9¥ym) 

1  FUNCTION  SYMBaS  | 

m 

SUUMMC 

0 

AVERACMC 

0 

OIFFERIMCE 

0 

0 

proportional 

B 

0 

MItCRAl 

@ 

DERIVATIVE 

0 

mulfplymc 

□ 

OIMDINC 

0 

ROOT  extraction 

0 

EXPONENTIAL 

0 

NONIMCAR  OR 

UNSPCCWIEO  function 

0 

iiMC  function 

□ 

HKM  StlCCTMC 

0 

LOW  SCUCT1NC 

0 

HKM  LMTMC 

0 

LOW  iMIlMC 

0 

REVERSE  proportional 

0 

VCLOOTV  LMTIR 

□ 

□ 

bias 

m 

0 

CONVERT 

MISCELLANEOUS  SYMBOLS 

Purge  fluid  and  uthitt 

SUPPlCS  ARE 

(  AS- AIR  SUPPLY 

cs-CAS  supfnr 

HS- hydraulic  FLUIO  SUPPLY 
NS-NITROCEN  SUPPLY 

ss-stcam  supply 

WS-WATER  SUPPLY 

Plant  aiR  regulator 

MISCELLANEOUS  S^t 


FOR  F»ML  SUBMITTAL  TO  USACC 


QBIIZIBIBII 

_ a3BaB@e_ 


Ki 
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ATION  (CONTD) 


VALVE  NOTATION  (CONtP) 


SQf -ACUVAIE  DEVICES  -  PRESSURE  (CONTD) 


MISCELLANEOUS  SYMBOLS  (CONTD) 


BOOT  SlYVtS 
OPIH 
ClOSCO 

oc«co 

40CUBMINATC 

iiricAnoN  (If  NO  NC) 
SCO  rOR  ON -Off  lYPt 
nON  CANN01  BC  SNOWN 
BOOT  (Norr  t) 


CAIC 

cioec 

ball 

PlUC 

4CCDIC 

mRTLT 

APHRAU 

CMtCK 

IRAINCR 

X  STRAtNCR 

stramcr 


IRtt  WAT  (NOn  I) 
iRROW  SHOWS 

:-iMiRcin:o  path) 


UR  WAT  (ttOJT  >) 
RROW  SHOWS 
-CNCRaTCO  PATH) 


OR  HANDWHEEL 


lUAl  RCSCr  AT  TER  LATCH 
WONAl) 


'UUATIC  OtApHRACM  WITH 

nONER 


ccmic  ANALOG  SIGNAL  TO 
LMAnC  VALVE  WITH  I/P 
IVCRTOR  AND  NO  POSinONCR 


TART  motor  (SHOWN 
CAllT  WITH  ELECTRIC 

Al) 


^UMATK  CYLMOCR 
RUMATK  analog  INPUT) 


CUM  A  TIC  Cn-tHOCR  SPRING 
TURN  TO  tail  position 
9  ELECTRIC  OR 
CUMATTC  fAAURt 


WITH  ACTUATOR 
STMBaS 


NORUALIY  aOSCD  WITH 

hanonhccl  operator 


normally  closed  with 
MM  AND  max  stops 


SELT -ACTUATED  DEVICES  •  flOw 
-(up-stream  VALVE) 


SELF-ACTIVATED  DEVICES  -  PRESSURE 


m 


PRESSURE  REDUONC 
REGULATOR  WITH  EXTERNAL 
PRESSURE  TAP 


BACKPRESSURE  REGULATOR 
WITH  EXTERNAL  PRESSURE 
TAP 


DXfCRENnAl  PRESSURE 
RCDUCINC  RE  cm  A  TOR 
WITH  internal  and 

external  pressure  taps 


PRESSURE  RCOUDNC 
REGULATOR  SELT  CONlAINtO 


BACKPRESSURE  REGULATOR 
SEir-CONTAWIED 


PRESSURE  RELCr  VAL\C 


.,:^n 


PRESSURE /VACUUM 
RfLiCr  VALVE  WITH 
riAMC  ARRESTER 


RUPTURE  nSK  OR  SAriTT 
head  rOR  PRESSURE  RCICF 


RUPTURE  OISR  OR  SAfETY 
HEAD  FOR  VACUUM  REUCF 


SPEED  CONTROL  VALVC 


self-actuated  OCVKtS  -  ltV«L 

r  I  )  LIVCI  REGULATOR 

j  WTM  MCCHAMCAL 

/  LMKACE 


SELF -ACTUATED  DEVICES  •  TEMPERATURE 


^LUP-5TREAM  I 

DOWN. STREAM  VALVE)^ 


DC  TON  A  HON  ARRCSTOR 


\  ROTAUCTER  WITH  VALVE 

\  SELF -CONTAINED 

(DOWN. STREAM  VALVE)-^  (OWFCRENTiAL 

REGULATORS  Will 
NOT  BC  SHOWN) 


(UP-STPtAU  VALVE) 


rotameter  WITH  VAl^ 
Slir-CONTAINCO 
(OWrCRCNIIAL 
REGULATORS  WILL 
NOT  BC  SHOWN) 


TEMPERATURE  REGULATOR 
FAIED  STSItM  TYPE 


PURCI  FLUO  ANO  utility 

supplrs  are 

AS- AIR  SUPPLY 
CS-CAS  SUPPLY 
hs-mydraulic  rtmo  supply 

NS-NURQCEN  SUPPLY 
SS-SIEAM  SUPPLY 
WS'WATCR  SUPPLY 


d  T)  FLAME  ARRESTOR 


REGUALTEO  INSIRUWTNT 
AIR  SUPPLY 


FUNCTION  SYMSaS  | 

m 

SUMMING 

0 

AVfRAClNC 

0 

(XrFERCNCC 

0 

B 

PROPORTIONAL 

B 

0 

MTICRAL 

@ 

ocRtvAnvc 

0 

umrpLYMC 

□ 

OIVTOING 

0 

ROOT  EXTRACTION 

0 

CXPOVCNIIAL 

E3 

NONIMCAR  OR 

UNSPECRICD  function 

0 

1ME  FUNCTION 

0 

HIGH  SCUCIMC 

0 

LOW  SCLCCTING 

0 

HIGH  LlUinNC 

0 

LOW  iMIlMG 

0 

REVERSE  PROPORTTONAl 

0 

VCL0O1Y  LMTIR 

0 

0 

BIAS 

0 

0 

CONVERT 

i 

MISCELLANEOUS  SYMBOLS  I 

NORMALLY  OPEN 
NO  POSITIONER 


plant  air  regulator 
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__ 

A 

levtL  CONIROi  LOOP  U^C  A  BUeBlC  1UBC  tN  CONJUMCRON  WTM  A 

ICVCL  IRANSMTIER  A  P091K)NCR  IS  USCO  ONLY  ON  lARCC  BUHCRfLY  VAlVfS 


PRtSSU»*C  RtOUCINC  5IARON  USiNC  A  CONTROllCR  SHORN  CM  , 
SMARCO  DISPLAY 


ro 

SMALL  VALVt 

PRfSSuRt  CONTROL  LOOP  USING  SPLIT  RANCC  CONTROL  VALVES.  UNDER  LO* 
LOAD  CONDITION  THE  SMALL  VAIVC  tS  IMROTTlING  ON  LARGE  LOAD.  LARGE 
VALVE  IS  IWOIIUNC.  SMALL  VALVE  IS  OPEN 


snclc  pen  umpcrature 

RECORDER  W/IHCRMOCOUPlC 
Mtll 


lEMPCRArURE  CONTROL  LOOP  USMC  A  IHCRWOCOUPLC  AS  A  SCNSMC 
CLEMENT.  THE  CONTROL  VALVE  IS  PNEUMATIC  ACTUATED  MlH  A 
POSITKMCR  CONTRaLCR  IS  ON  A  SHARED  DISPLAY 


REMOTE  TEMPERIAURE  MCMCATOR  SHORIN  ON  A  SHARED  DISPLAY  JSRIC 
A  thermocouple  as  a  scnsmo  element 


SBB 

CTim 

mm 

ICVCL  CONIROl  LOOP  USMC  A  BUeOlC  lUBC  IN  CONJUNCnON  «MTH  A 

ICVCl  IRANSMTICIt  A  PO91I0NCN  IS  UStO  ONLY  ON  I  AMCC  BUITCRTLY  VAlVtS 


PfICSSUPC  KCDUCmC  S1A1KM  USINC  A  CONmOllCP  SHO«fN  ON  A 
SHAPtO  DISPLAY 


ro 

SMM.I  VALVC 

PPtSSUPC  CONmOL  I  OOP  USINC  SPLIT  PANGC  CONIROl  VALVES.  UNOCR  LOR 
LOAD  CONDITION  THC  SMALL  VAlVt  IS  INROTTlINC  ON  lARCC  LOAD.  lAUCE 
VAL>^  IS  INROTILMC.  SMALL  VAlVt  IS  OP|N 


ICMPCRAIURC  CONTROL  LOOP  USNC  A  THCRUOCOUPlC  AS  A  SCNSMC 
ClCUCNT.  THC  CONTROL  VALVC  IS  PNCUMAIiC  ACIUATCD  MTH  A 
POSinONCR  CONTROLLCR  IS  ON  A  SHARfD  DISPLAY 


RCMOir  TIMPCRTAURC  MOKTAIOR  SHORN  ON  A  SMARCD  DISPLAY  JSMC 
A  IHCRMOCOUPIC  AS  A  SINSINO  CLCMCNT 


IWH 

hJLA 

Hsdb 

RCMOTC  fLOW  INDICATOR  SHOWN  ON  A  SHARFO  OlSPlAT  THC  SOUARt 
ROOT  EXTRACTOR  IS  USED  TO  LMCARtZE  THC  flOW  SIGNAL.  AN  ORITICC 
PLATE  IS  USED  AS  A  SENSING  EUMCNT 


double  Block  and  BiCfO  FOR  CAS  scRvict  Block  valves  are  motor 
DRIVTN  OPEN  AND  SPRING  CLOSED  BLEED  VALVE  IS  MOTOR  DRIVEN  CLOSED 
ANO  SPRING  OPEN  ALL  VALVES  ARE  PART  Of  MTCRLOCK  7 
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GENERAL  EQUIPMENT 


>0 

-Q- 


DIAPHRAGM  PUMP 


now  lOTALlZtR 


aNiRirucAL  pinip 


0 

d 


SUMP  PUMP 


VC  Rite AL  POMP 


post  live 

OtSPlACCMEMl  POMP 


\ 


U 

0 


SIAIC  MtXCR 


PRtSSURt  vessel 


HI AO  1ANK/0PEN  lANK 


CtNmtruCAl  fAM 


COARATOR  POMP 


TANK  W/ROOr  CONE 

1 _ 1 

0 

J - 1- 

-L 

13  I  12 

GENERAL  EQUIPMENT  (CONrP) 


] — f 
_1_ 


CON1MOOOS  CCNIRtroCCS 


T 


BATCH  aNimroces 


R 

A 


ROTARY  VACOOM  FITCRS 


V 


MR  IRCATM£NTA<AM0HNG 
(CC  «T  tlECTROSTAllC 
PRECIPITATOR) 


CARTRIOCC  rUTCR 


nr~ 

* - 3 


ROTARY.  CtMTRiruCAt  fe 
WATER  SCAUD  COMPRESSORS 
ft  VACOOM  POMPS 


lORBMCS  *  CIPAf4f)CRS 


SCREW  CONVEYOR 


r 


ONC  MU  PASS  000 
NUMSC*  a  TUKS 


11  t  <0  I 

GENERAL  EQUIPMENT  (CONT'D) 


PARTIAL  CONDENSERS. 
TOBE  SIDE 


partial  condenders. 

SHEll  SIDE 


dost  COilECIORS. 
PRECIPITATORS 


ClARiriERS.  IHlCKNERS 


riREO  HEATERS 


NOTES 


10 


9 


5 


CtNERAL  EQUIPMENT  (CONT‘0) 


CENERAl  PIPING 


I 

I 

■ 

I 


PARHAl  CONOtNStRS. 

luec  5«DC 


PARI1AL  CONDENOCRS. 
SHELL  SIDE 


DUS1  COlLECfORS. 
PRECtP>1A10P$ 


CLARiriERS.  THCKNERS 


3-1 


PRtMART  PROCCSS  FLOW 


secondary  process  or 

i^mirr  fiow 


DtRICIION  or  FLOW 


CONCENTRIC  REDUCER 
OR  INCREASrR 


ECCENTRIC  REDUCER 


EXPANSION  XWI 


VALVE  NOTATION 


CONTROL  VALVE  BODIES 


I - CfO - \  NEEDLE 


DUPLEX  STRAINER 


-{cy\n/\A/3"  flexible  CONNECTION 


“D  HOSE  connection 


ATUOSPHCRIC  vent 


3-IX)— “<D  sample  connection 


OW‘CK  CONMCCI/OISCONNICI 
COUPVHCS  wAiCxieiC  HOSE 


(ARROW  SHOWS 
DE-ENCRdZEO  PATH) 


(ARROW  SHOWS 
DC-ENERaZCO  P/iTH) 


MISCELLANEOUS 


LINE  BREAK  OR  RESUMPTION  POINT 


MSUIATCO  LMC 


INSUIAIED  LMC  WlH 
HEAT  mAONC 


conservation  ^NT 


Flame  arrcsur 


PUMP  WAIOUIO  seal  flush 


n _  steam  trap  designed  IMS  WAV 


REPRESENT  THIS  CONFICLIRATlON 


I  ^1  loh 


PUMP  W/MTERNAL  sate  It  REllCr 


SPRAY  NOZZLE  OR  SPARGER 


PACKAGE  SYSTEM  (DETAILS  UNKNOWN) 
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EQUIPMENT  NUMBER  IDEN 


DUPlCAtt  OR  SPARE 
•  SCOUENCE  NUMBER 

-  area  number 

■  EOUIPMCNI  letter  (SI 
A  -  ACIIAIOR 
B  -  BLOWER 
C  -  COLUMN 
D  -  DRYER  (uaECUl- 
E  -  HfAl  ERHANGCR 
F  - 

c  -  evaporator 

H  -  SOLOS.  HANOLMC 
N  >  MIXER.  BlENOCR 
P  -  PUMP 

s  - 

1  ->  tank 

w  -  COOL  MG  WATER 
V  -  BURNER 

t  -  MisaaANtous 

2  -  MISailANCOOS  I 


U^>E  IDENTinCATl 


LINE  SERVICE  DESIGN 


AIR  SYSTEM 
AUBlCNT  AIR 
COUeuSTKM  AIR 
ATOMIZING  AIR 
MSTRIAICNT  PLANT  AW 

plant  am 

CONOCNSATC  system 
PROCESS  CONDENSATE 

DRAIN  SYSTEMS 
SAMTARV  SEWER 
CHEMICAL  SEYVCR 
FMAL  effluent 

CAS  SYSTEMS 
NITROGEN  (PIERT  CAS) 
NATURAL  CAS 

PROCESS  SERVICE 
CAUSTIC  0  TO  SOX 
CONCENTRATION 
FUEL  OIL  NO  ? 

HYDRAULIC  FimO 
AOUEOWS  WASTE  MIXTURE 

polymer  sauiioNS 

seal  OIL 

steam  system 
PROCESS  system 

VENT  SYSTEM 
VENT  CAS 
riUC  CAS  PIPING 
AND  LARGE  DUCTS 

WATER  system 

potable  water 
emergency  water 

FMf  WATER 
RlMTR  WATER  OR 
RAW  WELL  WATER 
seal  WATER 
PROCESS  WATER 


U.S.  ARMY  ENVIRONMENTAL 
ABERDEEN  PROVING  GROUND. 


AREA  00 

PIPING  k  INSTRUMENTATION  : 
EQUIPMENT  lOENOnCATl 


GCNCRAL  PIPING 


PRIMARY  PROCCSS  riOMT 


SCCONOARY  PROaSS  OR 

UTKirr  now 


OiRtciww  or  riow 


CONCINTR1C  RCOUCCR 
OR  WCRf  ASCR 


CCaNIRIC  RtOUCCR 


CXPANSION  jomi 


VALVE  NOTATION 


CONIROi  VAIVI  Bootes 


I — ts«3 — \  aoee 


I — iw| — S  BuirrRfLY  t — III — \ 


DUPtex  SIRAINCR 


-{cy\nj\njt3"  fitxiBic  coNNccnoN 


“D  MOSf  CONNCCRON 


AmosPHcmc  vcnt 


3-t><}--— <I>  SAUPlt  CONNlCnON 


-|P\n/lAP3~  0^  CONNfCT/OlSCONMlCl 

couPuNCS  wAiCxieic  hosc 


IHR(C  RAY 

1  (ARROW  SHOWS 

~  D[-ENrRa7rnp 


Dt-tM(RQZIO  PAIM) 


(ARROW  SHOWS 
DC-CNCROZCO  path) 


MISCELLANEOUS 


UNC  BRCAK  or  ReSOUPIKM  PaNT 


MSUATCO  LINC  WIIH 
NCAT  TRACMC 


CONSCRVATKM  VCNl 


riAUC  ARRCSICR 


PUMP  W/IKXRO  SC  At  riUSM 


TT _  STEAM  TRAP  OESICNCO  THIS  WAV 


RtPRfSCNT  THIS  CONTICURAIION 

H  o  o  t- 


PUMP  W/WTERNAL  SATEIV  RCLICF 


spray  NOZZLE  OR  9>ARCCR 


'  PACKAGE  SYSTEM  (DETAILS  UNKNO«*l) 


INTERNATIONAL 

TECHNOLOGY 

CORPORATION 


DUPllCAIt  OR  SPARC 

seouEHa  number 


tOUiPMCNT  UTTER  (SEE  BELOW) 

A  -  AQIATOR 
e  -  BLOWER 
C  -  COLUMN 

D  -  DRYER  (MaiCUlAR  SIEVE) 

£  -  MEAT  EXHANCER 

r  - 

c  •  evaporator 

H  -  sacs.  HANDIINC  [OLRPMCNI 

w  -  IRXIR.  blender 

P  -  PUMP 

s  - 

T  -  TANK 

W  -  COOiMC  WATER 
V  -  BURNER 
t  -  HISavlANCOUS 
Z  -  MtsaUANEOUS  OCMISTtR 


Uf»£  lOENTinCATlON 


PIPINC  SPCCinCATlON 
LME  NUMBER 
AREA  number 
LME  SCRWCE  OCSIONATKTN 


LINE  SERVICE  DESIGNATION 


MR  SYSTEM 
AMBCNT  AM 
COMBUSTKIN  AIR 
ATOMIZING  AIR 

mstrumcnt  plant  am 

PLANT  AM 

CONDENSATE  SYSTEM 
PROCESS  CONDENSATE 

drain  SYSTEMS 
SAMTARV  SEWER 
CHEMICAL  SEWER 
riNAL  irnuENT 

CAS  SYSTEMS 
NITROGEN  (MCRT  CAS) 
NATURAL  CAS 

PROCESS  SERVICE 
CAUSIK  0  TO  50* 
CONCENTRATION 
ruCL  OR.  NO  3 
HVEMauuC  FtUR) 
AQUEOUS  WASTE  MIXTURE 
POLYMER  SaUTKMS 
seal  OR. 

STEAM  system 
PROCESS  SYSTEM 

VENT  SYSTEM 
VENT  CAS 
FLUE  CAS  PMING 
AND  LARGE  DUCTS 

WATER  SYSTEM 

potable  water 

EMERGENCY  WATER 
FMC  WATER 
Rl\^R  WATER  OR 
RAW  WEIL  WATCR 
SEAL  WATER 
PROCESS  WATER 


LME 

scRwce 

OCSIGNAIION 


U.S.  ARMY  ENVIRONMENTAL  CENTER 
ABERDEEN  PROVING  GROUND.  MARYLAND 


AREA  00 

PIPING  *  INSTRUMENTATION  DIAGRAM 
EQUJPMENT  lOENTinCATlON 


PROJ.  NO. 


322243 


DRAWING  NO. 


0-00^11-004 


2  •  lINf  MUMKHS  USCO  fCm  HA20P  AMAltSiS 


Fra 


INTERNATIONAL 

TECHNOLOGY 

CORPORATION 


Knoi^t,  Itfmaift* 


t/t7/t4l 

ms\ 

MA«W> 

JWM, 

U.5.  ARMY  ENVIRONMD4TAL  CENTER 
ABERDEEN  PROVING  GROUND,  MARYUND 


•  AREA  2D 

PIPING  k  INSTRUMENTATION  DIAGRAM 
CBC  BURNER  SYSTEM 


PROJ.  NO. 
322243 


DRAWING  NO. 
0-20-11-001 


r-2QQ2 


H-2QQ1 


cvaoNC 

SCPARATOtt 


ASH  cooir^ 

coNvcroA 


I-2Q01 

ASH  Bm 


h“20Qfi 

HO»SI 


H-2QQfl 


M,r:2QCH 


H-20Q5 


Br2QQ2 


P-2Q01 


AI.Oj  iAC 
BREAKER 


AijO,  rcED 
SCREW  CONVEYOR 


LOOP-SEAt 
PURGE  AIR 


COOitNC  WAICR 
RCCmCUlAliON 


U.S.  ARMY  £NVIRONMCNTAL 
ABERDEEN  PROVING  GROUND,  I 


AREA  20 

PIPING  k  INSTRUMENTATION  C 
ORCULATING  BED  COMBU! 


PROJ.  NO. 

DRAWING  1^ 

322243 

0-20-1t“C 

T-2Q01 

ASH  BM 


H-2QQfi 

HOST 


H"2Q0a 

AI.O3  BAG 
eRCAKCR 


H-2QQ4 

Ai,o,  rccD 
HOPf^A 


h=2m. 

AUO,  rCED 
SCAtW  CON\«YOH 


R-3QQ? 

lOOP-SCAl 
PURCC  AIR 
BLOli€R 


P-2QQ1 

COatHC  HATCR 
RCCtRCUlAIION 
PUMP 


INTERNATIONAL 

TECHNOLOGY 

CORPORATION 


U.S.  ARMY  ENVIRONMENTAL  CENTER 
ABERDEEN  PROVING  GROUND.  MARYLAND 


AREA  20 

PIPING  k  INSTRUMENTATION  DIAGRAM 
ORCULATING  BED  COMBUSTOR 


>  n 


\ 

I 


J-5Q02A 


T-5QQ1 

OUtMCM 


ttrSQfll 

ROURT 

MRIOCK 


T->50Q2A^ 

DUST 

coucnoN 

omius 


NOTES 


I  OPIH)NAt  WAIIR  SPRAt  NOZZLC 
7  BAGS  mil  K  IWC  COATED 

3  rr-SOJ  CAtCUlATlS  iHf  AC1UAE  FLOW  IN  CBC  FlC-SOI  COlTROLS  SCCOKIARt  / 
TO  NAINIAIN  A  SCI  CBC  FlOW  RATE 


4  .  lINC  TWMfiCRS  USED  FOR  MAZOP  ANALYSIS 


CONtMUOUS  cui 
MONHOfflNG  5^ 
(ciys) 


B-MQl 

Mouao 

DRArt  CAN 


2-5QQt 

STACK 


INTERNATIONAL 

TECHNOLOGY 

CORPORATION 


U.S.  ARMY  D4V1RONMEH 
ABERDEEN  PROVING  GROU 


Kaov^c,  lanAMtM 


^  M  II  tmmfrnim.  m  wm  ^rnmm*  mtmf  1^  mm  iimcM* 

H  wm  MM  IM«MM  cr  rwrtMwm  to  M  m 


AREA  50 
PIPING  Jt  INSTRUMENTA 
AIR  POaUTION  C0N7T 


PROJ.  NO. 

DRAV 

322243 

s 

1 

o 

L 

[D 


INTERNATIONAL 

TECHNOLOGY 

CORPORATION 


DISCS  03  BIH 

- SB 


U.s.  ARMY  ENVIRONMENTAL  CENTER 
ABERDEEN  PROVING  GROUND.  MARYLAND 


AREA  50 

PIPING  INSTRUMENTATION  DIAGRAM 
AIR  POaUTION  CONTROL  SYSTEM 


PROJ.  NO. 


522243 


DRAVMNG  NO. 


D- 50-11-001 


>  m 


CONCEPTUAL  DESIGN  AND  RELATED  DOCUMENTS 


8.0  EQUIPMENT  LIST 


U.S.  Army  Environmental  Center 
Red  Water  Treatment  Technology 
Test  Plan  and  Site  Preparation 
Aberdeen  Proving  Ground,  Maryland 


KN\1585\WP15S5\01-12-9SVDI  1\E1 


COMPANY  NAME:  IT  Corporation 

PROJECTNAME:  USAEC 

LOCATION:  Aberdeen  Proving  Ground,  Maryland 


PROOBCTNOj  32226 
SPEC.  NO.: 

WP:  WP1585.8 


8.0  Equipment  List 
Circuiating  Bed  Combustor  System 


Equipment  Number 

Equipment  Name 

B-2001 

Combustion  Air  Blower 

B-2002 

Loop-Seal  Purge  Air  Blower 

B-5001 

Induced  Draft  Fan 

F-2(X)1 

Circulating  Bed  Combustor  (CBC) 

G-2001 

Start-Up  Bvuner 

H-2001 

Ash  Cooler  Conveyor 

H-2002 

Limestone  Feed  Hopper 

H-2003 

Limestone  Feed  Screw  Conveyor 

H-2004 

Al^O^  Feed  Hopper 

H-2005 

Al^O^  Feed  Screw  Conveyor 

H-2006 

Hoist 

H-2007 

Limestone  Bag  Breaker 

H-2008 

Al^O^  Bag  Breaker 

H-5001 

Rotary  Air  Lock 

H-5002 

Rotary  Air  Lock 

P-2001 

Cooling  Water  Recirculating  Pump 

S-2001 

Cyclone  Separator 

S-5001 

Baghouse 

T-2001 

Ash  Bin 

T-5001 

Partial  Quench 

T-5002  A.  B 

Dust  Collection  Drum 

X-2001 

Distributor  Plate 

Z-5001 

Stack 

I  By:  SM  Equipment  List  Area  No.: 

Checked:  PA  IT  PCE  Area  Name:  All  Areas 

Approved:  PA  Knoxville,  Tennessee 

I  Date:  01/12/95  Rev.  No.  (0)  (1)  Page:  1  of  1 


CONCEPTUAL  DESIGN  AND  RELATED  DOCUMENTS 


9.0  EQUIPMENT  SPECIFICATIONS 


U.S.  Army  Environmental  Center 
Red  Water  Treatment  Technology 
Test  Plan  and  Site  Preparation 
Aberdeen  Proving  Ground,  Maryland 


KNU5*SVWP15*S«1-12-9S\D11\E1 


HlQIBCrNDj  322243 
SPEC.  NO.: 

WP:  WP1585.9 

9.0  Equipment  Specifications 


COMPANY  NAME:  IT  CoiporadoD 

PROJECT  NAME:  USAEC 

LOCATION:  Abcideen  Proving  Giound,  Maryland 


The  equipment  specifications  are  provided  for  the  following  major  equipment  in  the  following 
order: 


Equipment 

Number 

Equqjment 

Name 

Area 

Name 

F-2001 

Circulating  Bed  Combustor 

Combustion  Module  (Area  20) 

B-2001 

Combustion  Air  Fan 

Combustion  Module  (Area  20) 

G-2001 

Start-up  Bmner 

Combustion  Module  (Area  20) 

F-2002 

Cyclone  Separator 

Combustion  Module  (Area  20) 

B-2002 

Loop-Seal  Purge  Air  Blower 

Combustion  Module  (Area  20) 

H-2004/H-2008 

Al^O,  Feed  Hopper  and  Bag  Breaker 

Combustion  Module  (Area  20) 

H-2002/H-2007 

Limestone  Feed  Hopper  and  Bag 
Breaker 

Combustion  Module  (Area  20) 

H-2006 

Hoist 

Combustion  Module  (Area  20) 

H-2005 

Al^O-)  Feed  Screw  Conveyor 

Combustion  Module  (Area  20) 

H-2003 

Limestone  feed  screw  combustor 

Combustion  Module  (Area  20) 

P-2001 

Cooling  Water  Recirculation  Pump 

Combustion  Module  (Area  20) 

H-2001 

Ash  Cooler  Conveyor 

Combustion  Module  (Area  30) 

T-2001 

Ash  Bin 

Combustion  Module  (Area  30) 

T-5001 

Partial  Quench 

Air  Pollution  Control  (APC) 
Module  (Area  50) 

S-5001 

Baghouse 

APC  Module  (Area  50) 

H-5001 

Rotary  air  lock 

APC  Module  (Area  50) 

H-5002 

Rotary  air  lock 

APC  Module  (Area  50) 

B-5001 

Induced  Draft  Fan 

APC  Module  (Area  50) 

Z-5001 

Stack 

APC  Module  (Area  50) 

T-5002  A/B 

I>ust  Collection  Drums 

APC  Module  (Area  50) 

By:  PA  Equq>inent  Specificadons  Area  No.:  20/30/50 

Checked:  PA  ITPCE  Aiea  Name:  AU  Areas 

Approved:  PA  Knoxville,  Tennessee 

Date:  01/12/95  Rev.  No.  (0)  (1) 


Page:  1  of  1 


LT.  CORPORATION 

POLLUTION  CONTROL  ENGINEERING 


SPECIFICATION 


IT  CORP  SPEC.  NO. 


[Total  Volume: _ Gal,  j  Field  Erected?  YES  No.  Units:  ONE 


Operating  Pressure,  psig 


Operating  Temperature,  deg  F 


Design  Shell  Temperature,  deg.F 


Operating  Gas  Flow 


Operating  Gas  Residence  Time 


Bed  Material 


\m 


I  Bed  Charge 


[Type  Supports: _ 


Insulation:  REF 


Rreprooofing:  NOf 


Sandblast:  NOf 


MANHOLE:  Hing 


I  Platform  Clips: _ 


Pipe  Supports: 


Windload:  110  MPH 


30-  W.C.  VACUUM 


1.600 


350 


5000  ACFM 


1.7  SECONDS 


ALUMINUM  OXIDE 


1.875  LB 


REFRACTORY  LINED  INTERIOR 


NONE 


NONE  Paint: 


Hinged?  X  Davlted?  Other: 


I  Ladder  Clips:  |  InsuL  Rings: 


mphl  Seismic:  ZONE  3 


Weight  Full  of  Water:  N/A 


ThicknssI  Mat*l  Cls| 


C.S. 


HAST. 


6*  RFRAC. 


im 


Shell 


Distributor  Plate 


Lining _ 

O.D. 


Length 


Nozzle  Necks 


Ranges _ 

Tuyeres 


M.H.  Cover 


Supports _ 

Bolts/Studs 


Nuts 


Gaskets 


Service 


OFF-GAS 


BURNER 


MANWAY 


LOOP-SEAL 


ASH  OUTLET 


THERMOCOUPLE 


SITE  PORT 


NATURAL  GAS 
THERMOCOUPLE’ 
SITE  PORT 
THERMOCOUPLE’ 
MANWAY 


[Nozzle  to  be  Plugged  or  Blinded 


Mat*l  -  Minimum  Quality 


A -36 


HASTELLOY  276-C 


CASTABLE 


A-36 


_ A-36 _ 

HASTELLOY  276-C 


A-36 


HIGH  TEMPERATURE 


Rating  Face 


18- 

16- 

12- 

2- 

For  Further  Details.  See  Sheet  No 


F2001CBC.WK1 


LT.  CORPORATION 

POLLUTION  CONTROL  ENGINEERING 


AREA  NO: 

AREA  NAME: 

TAG  NO.: 

EQUIPMENT  NAME: 


20 

CBC 

B~2001 

COMBUSTION 

AIR  FAN 


FAN  SPECIFICATION 


NO 

BY 

DATE 

REVISION 

1 

2 

3 

ITCORP  SPEC.  NO. 


SHEET  1 


OF 


PROJECT  NAME 

USAEC 


JOB  NO. 


322243 


LOCATION 


BY 

WMS 


APPR 

PA 


DATE 

11/30/94 


Manufacturer: 


Model  No.; 


No.  of  Units: 


ONE 


Description  of  Gas  and  Materials  Handled:  AMBIENT  AIR 


Row: 


6000 


SCFM  S.P. 


30 


Inches  W.G.  I  Temp.:  ~20/+110  deg.  F )  Gas  Density:  0.077  Lb/Cu.Ft. 


Hours  per  day  operation:  24 


Noise  Rating  Per  Attached  Noise  Level  Spec.  No. 


WHEEL:  Diameter: 


Inches  |  Gage  and  Material  of  Rims: 


Blades:  * 


HOUSING  GAGE  &  MATERIALS:  Scroll 


C.S. 


Sides 


C.S. 


I  Tube  (Axial) 


Performance  Curves:  YES|  Curve  Ho^ 


R.P.M.: 


I  B.H.P.  Required: 


Mfr.  Size  &  Type: 


IWeight: 


Lbs. 


Mech.  Efficiency: 


BEARINGS:  Type: 


Make: 


Outlet  Velocity: 


ft/sec 


Manufacturers  No.: 


SHAFT:  Diameter  at  Bearings: 


inches 


[Diameter  at  Wheel: 


inches 


Distance  Between  Bearings: 


I  Distance  from  Bearing  to  Fan  Wheel: 


Maximum  Shaft  Speed: 


Arrangement: 


[Rotation: 


ccw 


rpischarge: 


TH 


Single  Width?  YES 


Double  Width? 


SPECIAL  FEATURES  REQUIRED:  Ranged  Inlet  and  Outlet? _ YES 


I  Single  Inlet?  YES 


I  Double  inlet? 


Clean  Out  in  Housing?  YES 


Shaft  Seals? 


YES 


Split  Housing?  NO 


Inlet  or  Outlet  Dampers? 


NO 


Drain  in  Housing?  YES 


Water  Jacketed  Bearings?  NO 


Other:  GUARDS  &  SCREENS 


Vertically  or  Horizontally  Mounted? 


Tubeaxial? 


Vaneaxial? 


TYPE  OF  INLET  AND  OUTLET:  Streamlined  Inlet? 


Arrangement: 


Inlet  Cone? 


Rotation: 


Outlet  Cone? 


26 

1 

SPECIAL  FEATURES  REQUIREDAccess  Doors? 

Support  Legs? 

Motor  Hood? 

Ei 

A 

Inlet  or  Outlet  Guard? 

Outside  Belt  Guard? 

Ranged  Inlet  &  Outlet? 

Other: 

L 

29 

30 

P 

Horizontally  or  Vertically  Mounted? 

31 

R 

Direct  Drive? 

High  Capacity  Static  Conducting  V-Belt  Drive?  I 

32 

P 

SPECIAL  FEATURES  REQUIRED:  Safety  Guards? 

Shutters? 

Other: 

_ 

33 

L 

Descriotion  of  Guard  &  Shutter:  _! 

34 

R 

Adjustable  Pitch? 

Automatic  Variable  Pitch? 

1 

E9 

1 

Furnished  By:  FAN  MFG'R 

Elec  or  Steam  Turbine?  ELEC 

Direct,  Gear,  Belt  or  V- 

Rope? 

BELT 

_ 

37 

ELECTRIC  MOTOR* 

Mfr.:  * 

^^MTURBINE: 

Mfr.: 

38 

Mounted  By:  FAN  MFG*R 

Enclosure:  TEFC 

Mounted  By: 

Model: 

EH 

D 

Speed:  *  rpm 

Service  Factor:  1 .4 

Horsepower: 

HP 

Water  Rates: 

Lbs/Hr  1 

40 

R 

Volts:  460 

Temp.  Rise: 

Speed 

rpm 

Vacuum  (if  any): 

41 

1 

Phase:  3 

insulation: 

Inlet  Steam  Press.: 

inlet  Steam  Temp.: 

42 

V 

Cycles:  60 

Frame:  * 

Normal: 

psig 

Normal: 

deg.  F 

43 

1  E 

Nominal  Size:  40  HP 

Est.  BHP  Req’d:  28.4  HP 

Max.: 

psig 

Max.: 

deg  F 

Ea 

R 

SPEED  REDUCERS: 

Mfr.: 

Backpressure: 

psig 

EH 

Ratio: 

Model: 

Nozzles 

Size 

Rating 

Location 

46 

Integral  or  Separate? 

Class: 

inlet 

47 

Exhaust 

SEE  DRIVER  SPECIFICATION  NO.: 

49 

1 .  FAN  SHALL  BE  SIZED  TO  OPERATE  BETWEEN  SEA  LEVEL  AND  6000  FEET  ELEVATION. 

50 

N 

51 

O 

52 

T 

53 

E 

54 

S 

55 

VENDOR  TO  COMPLETE  INFORMATION  MARKED  ■  * 

B2001CBC.WK1 


LT.  CORPORATION 

POLLUTION  CONTROL  ENGINEERING 


AIR  BURNER 


IT  CORP  SPEC.  NO. 


SHEET  1  OP  1 


PROJECT  NAME 


AREA  NO: 

AREA  NAME: 

TAG  NO.: 

EQUIPMENT  NAME: 


20 

CBC 

G-2001 

START-UP 

BURNER 


USAEC 


322243 


BY  APPR  DATE 

WMS  PA  11/30/94 


1 

QUANTITY 

DESCRIPTION  1 

2 

3 

1 

Operating  Conditions: 

4 

Off-gas  Temperature 

1 ,300  deg.  F 

5 

Oombustor  Pressure 

0  -30"  W.C.  Vacuum 

6 

Media 

Combustion  Gases 

7 

8 

Design  Conditions 

9 

Off-gas  Temperature 

2,200  deg.  F 

10 

Combustor  Pressure 

-2  to  +2  psig 

11 

Wind  Load 

110mph 

12 

Earthquake  Load 

Zones 

13 

Ambient  Temperature 

-20to110deg.  F 

14 

Elevation 

Sea  Level  to  6000  ft 

15 

16 

Heat  Release 

17 

Minimum 

500,000  Btu/hr 

18 

Maximum 

5,000,000  Btu/hr 

19 

Operating 

4,000,000  Btu/hr 

20 

21 

Fuel  Gas 

Natural  gas 

22 

23 

No.  of  Burners  and  Type 

24 

Burner 

One,  vortex  type  air  burner  side 

25 

mounted  on  the  CBC  wind  box; 

26 

burner  shall  extend  approximately 

27 

5“  into  the  wind  box.  Turndown 

28 

shall  be  10:1. 

29 

. 

30 

Ignitor 

Burner  to  be  ignited  by  a  spark 

31 

ignitor  utilizing  an  electric  spark. 

32 

33 

Material  of  Construction 

Portion  of  burner  in  CBC  to  be  304 

34 

SS,  or  309  SS,  or  equal. 

35 

36 

37 

38 

39 

40 

G2001CBC.WK1 


LT.  CORPORATION 

POLLUTION  CONTROL  ENGINEERING 


AREA  NO: 

AREA  NAME: 

TAG  NO.: 

EQUIPMENT  NAME: 


20 

CBC 

F^2002 

CYCLONE 

SEPARATOR 


CYCLONE  SEPARATOR 

NO 

BY 

DATE 

REV. 

1 

2 

3 

■ 

IT  CORP  SPEC.  NO. 


SHEET  1  OF  1 

PROJECT  NAME 

USAEC 

JOB  NO. 

322243 

LOCATION 

BY  APPR  DATE 

PA  9/13/94 


Operating  Pressure,  pslg 


Operating  Temperature,  deg  F 


Operating  Shell  Temperature,  deg.F 


Design  Pressure,  psig _ 


Design  Temperature,  deg  F 


Design  Shell  Temperature,  deg.F 


Operating  Gas  Row _ 


Operating/Maximum  Inlet  Velocity 


Grain  Loading 


Differential  Pressure 


Removal  Efficiency 


YES  No.  Units:  ONE 


30"  W.C.  VACUUM 


350 


60*  W.C.  VACUUM 


2,200 _ 


5000  ACFM 


50  /  70  FT  PER  SECOND 


13  GR/DSCF 


3*  to  5*  W.C. 


95%  MIN 


\m 


Type  Supports: _ 

Insulation: _ REF 

Ftreprooofing: _ NO^ 

Sandblast: _ NOT 

MANHOLE: _ Hing 

Platform  Clips: _ 

Pipe  Supports: _ 

Wind  Load:  110  MPH 
Weiaht  Em 


REFRACTORY  LINED  INTERIOR 

NONE _ _ 

NONE  I  Paint:  ~ 

Hinged?  |  Davited?  Other: _ 

I  Ladder  Clips:  Insul.  Rings: 


mph|  Seismic: 


ZONES 


lbs.  Welqht  Full  of  Water: 


IBII 


m 

El 

mi 


Item 

Thicknss 

Mat’!  CIs 

Mat’l  -  Minimum  Quality 

Shell 

1/4- 

C.S. 

A -36 

Vortex  Rnder 

1/4- 

HAST. 

HASTELLOY  276 -C 

Lining 

6- 

RFRAC. 

CASTABLE 

O.D. 

38- 

Length 

120- 

El 

EEI 

m 


Nozzle  Necks 
Ranges _ 

M.H.  Cover 

Supports 

Bolts/Studs 

Nuts _ 

Gaskets 


|EE 

m 


Service 

Mark 

No. 

Size 

N 

OFF-GAS 

A 

1 

28- 

0 

OFF-GAS 

B- 

1 

28* 

Z 

SOLIDS  OUTLET 

C 

1 

16- 

z 

POKE-HOLES 

D 

2 

4- 

HIGH  TEMPERATURE 


I  net  ill  I  ^  I  1  [  '  yK® 


\mi 


E3 


I  Nozzle  to  be  Plugged  or  Blinded  ’ 


For  Further  Details,  See  Sheet  No 


LT.  CORPORATION 

POLLUTION  CONTROL  ENGINEERING 


AREA  NO: 

AREA  NAME: 

TAG  NO.: 

EQUIPMENT  NAME: 


20 
CBC 
B-2002 
LOOP -SEAL 
PURGE  AIR 


FAN  SPECIFICATION 


NO  I  BY 


DATE 


REVISION 


IT  CORP  SPEC.  NO. 


SHEET  1 


OF 


PROJECT  NAME 

USAEC 


JOB  NO. 


322243 


LOCATION 


BY 

WMS 


APPR 

PA 


DATE 

11/30/94 


1 

Manufacturer:  * 

Model  Ni 

3.: 

* 

_ 1 

2 

No.  of  Units:  ONE  1 

m 

Description  of  Gas  and  Materials  Handled: 

AMBIENT  AIR 

■1 

Row:  200  SCFM 

S.P.  30 

Inches  W.G.  |  Temp.:  -20/+1 10  deg.  F  |  Gas  Density:  0.077 

Lb/Cu.Ft. 

5 

G 

Hours  per  day  operation:  24  1 

6 

E 

Noise  Rating  Per  Attached  Noise  Level  Spec.  No. 

* 

7 

N 

WHEEL:  Diameter:  * 

Inches  |  Gage  and  Material  of  Rims: 

* 

1  Blades: 

8 

E 

HOUSING  GAGE  &  MATERIALS: 

Scroll 

C.S. 

1  Sides 

C.S. 

Tube  (Axial) 

* 

9 

R 

Performance  Curves:  YES|  Curve  No.:  * 

Mfr.  Size  &  Type: 

* 

Weight;  * 

Lbs. 

10 

A 

R.P.M.:  *  1  B.H.P.  Required: 

* 

Mech.  Efficiency: 

* 

Outlet  Velocity:  * 

ft/sec 

in 

L 

BEARINGS:  Type: 

* 

1  Make: 

* 

Manufacturers  No.: 

* 

m 

SHAFT:  Diameter  at  Bearings: 

* 

inches 

1  Diameter  at  Wheel: 

* 

inches 

m 

Distance  Between  Bearings: 

* 

Distance  from  Bearing  to  Fan  Wheel: 

* 

in 

Maximum  Shaft  Speed: 

* 

m 

_  1 

16 

C 

Arrangement: 

* 

Rotation: 

ccw 

Discharge: 

TH 

17 

N 

Single  Width?  YES 

Double  Width? 

Single  Inlet?  YES 

Double  inlet? 

18 

T 

SPECIAL  FEATURES  REQUIRED:  Ranged  Inlet  and  Outlet? 

YES 

Drain  in  Housing?  YES 

m 

R 

Clean  Out  In  Housing?  YES 

Split  Housing?  NO 

Water  Jacketed  Bearings? 

NO  1 

20 

F 

Shaft  Seals?  YES 

Inlet  or  Outlet  Dampers?  NO 

Other: 

GUARDS  &  SCREENS  | 

El 

G 

L 

Vertically  or  Horizontally  Mounted? 

El 

A 

Tubeaxial? 

Vaneaxial? 

Arrangement: 

Rotation: 

X 

TYPE  OF  INLET  AND  OUTLET: 

Streamlined  Inlet? 

Inlet  Cone? 

Outlet  Cone? 

1 

SPECIAL  FEATURES  REQUIREDAccess  Doors? 

Support  Legs? 

Motor  Hood? 

27 

A 

Inlet  or  Outlet  Guard? 

Outside  Belt  Guard? 

Ranged  Inlet  &  Outlet? 

Other: 

L 

P 

Horizontally  or  Vertically  Mounted? 

El 

R 

Direct  Drive? 

High  Capacity  Static  Conducting  V-Belt  Drive? 

P 

SPECIAL  FEATURES  REQUIRED:  Safety  Guards? 

Shutters? 

Other: 

. 

_ 

Kg 

L 

Description  of  Guard  &  Shutter:  1 

R 

Adjustable  Pitch? 

Automatic  Variable  Pitch? 

_ 

^ 

Furnished  By:  FAN  MFG'R 

Elec  or  Steam  T urbine?  ELEC 

Direct.  Gear,  Belt  or  V- 

Rope? 

BELT 

ELECTRIC  MOTOR. 

Mfr.:  * 

STEAM  TURBINE:  ; ; 

Mfr.: 

Mounted  By:  FAN  MFG’R 

Enclosure: 

TEFC 

Mounted  By: 

Model: 

lcg| 

D 

Speed:  *  rpm 

Service  Factor: 

1 

Horsepower: 

HP 

Water  Rates: 

Lbs/Hr  1 

gn 

R 

Volts:  460 

Temp.  Rise: 

Speed 

rpm 

Vacuum  (if  any): 

m 

1 

Phase:  3 

Insulation: 

Inlet  Steam  Press.: 

Inlet  Steam  Temp.: 

m 

V 

Cycles:  60 

Frame: 

* 

Normal: 

psig 

Normal: 

deg.  F 

in 

E 

Nominal  Size:  3  HP 

Est.  BHP  Req’d:  0.9 

HP 

Max. 

Max.: 

deg  F 

44 

R 

SPEED  REDUCERS: 

Mfr.: 

Backpressure: 

psig 

_ 

45 

Ratio: 

Model: 

Nozzles 

Size 

Rating 

Facing 

Location 

46 

Integral  or  Separate? 

Class: 

Inlet 

47 

Exhaust 

En 

SEE  DRIVER  SPECIFICATION  NO.: 

49 

1 .  FAN  SHALL  BE  SIZED  TO  OPERATE  BETWEEN  S^  L^EL  AND  6000  FEET  ELEVATION. 

ESI 

N 

El 

O 

m 

T 

E 

S 

E3 

VENDOR  TO  COMPLETE  INFORMATION  MARKED  -  * 

B2002CBC.WK1 


LT.  CORPORATION 

POLLUTION  CONTROL  ENGINEERINC 


AREA  NO: 

AREA  NAME: 

TAG  NO.: 

EQUIPMENT  NAME: 


20 

CBC 

H-2004/H-2008 
AI203  FEED 
HOPPER  AND 
BAG  BREAKER 


FEED  HOPPER 

SPECIFICATION 

NO 

BY 

DATE 

REV. 

1 

2 

3 

itcorpspec.no. 

SHEET  1  OF  1 


PROJECT  NAME 

USAEC 

JOB  NO. 

322243 

EXISTING  OR  NEW? 

NEW 

iv  APPR  DATE 

SLM  PA  10/1/9A 


FUNCTIONAL  DATA 


Application: 

Material  Handled: 
Density; 

Material  Temperature: 
Normal  - 
Maximum  - 
Capacity; 

Normal  - 
Range  - 
Fed  By: 

Operations,  Hrs/Day: 
Location: 


Feeding  Aluminum  Oxide 

AI203 

70  -  80  pcf 

Ambient 

Ambient 

110  deg.  F. 

50  Ib/hr  Particle  Size:  1/32“ 

1 0  to  1 50  Ib/hr  Moisture:  none 

Manually  (bags  broken)  Discharge  To:  H-2005AI203  Feed  Conveyor 

12-24  Days/Year:  365 

Outdoors  or  in  temperary  bldg. 


SPECIFICATIONS 

150  Ibs/hr 

3’x3’x3’ 
sloped  walls. 

Material  of  Construction,  1/4"  A-36  steel. 

Support,  structural  steel  for  independent  supporting  Feed  Hopper  &  Mass  Flow  Feeder. 
Vendor  to  includeBag  Breaker  System  (H-2008)  and  fugative  emissions  collection  system. 


H2004CBC.WK1 


IT  CORP  SPEC,  NO. 


LT.  CORPORATION 

POLLUTION  CONTROL  ENGINEERING 


AREA  NO:  20 

AREA  NAME:  CBC 

TAG  NO.:  H-2002  /  H-2007 

EQUIPMENT  NAME:  LIMESTONE  FEED 
HOPPER  AND 
BAG  BREAKER 


FEED  HOPPER 

SPECIFICATION 

NO 

BY 

DATE 

REV. 

1 

2 

3 

SHEET  1  OF 


PRCXJECTNAME 

USAEC 

JOB  NO. 

322243 

EXISTING  OR  NEW? 

NEW 

_ 

SIM  PA 


1 


DATE 

11/30/94 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33  j 

34  I 

35 

36 

37 

38 

39 

40 


FUNCTIONAL  DATA 


Application: 

Material  Handled: 
Density: 

Material  Temperature: 
Normal  - 
Maximum  - 
Capacity: 

Normal  - 
Range  - 
Fed  By: 

Operations,  Hrs/Day: 
Location: 


Feeding  Limestone 

Limestone 

85  -  95  pcf 

Ambient 

Ambient 

110  deg.  F. 


30  Ib/hr 
10  to  150  Ib/hr 
Manually  (bags  broken) 
12-24 


Particle  Size: 
Moisture: 
Discharge  To: 
Days/Year: 


Outdoors  or  in  temperary  bldg. 


1/4" 

none 

H-2003  Limestone  Feed  Conveyor 
365 


SPECIFICATIONS 
150  Ibs/hr 


3’x3*x3’ 
sloped  walls. 

Material  of  Construction,  1/4"  A-36  steel. 

Support,  structural  steel  for  independent  supporting  Feed  Hopper  &  Mass  Flow  Feeder. 
Vendor  to  include  Bag  Breaker  System  (H-2007)  and  fugative  emissions  collection  system. 


H2002CBC.WK1 


AREA  NO:  20 

AREA  NAME:  CBC 

TAG  NO.:  H-2006 

EQUIPMENT  NAME:  HOIST 


FUNCTIONAL  DATA 

Application:  Lifting  Feed  Bags  and  Misc.  Jobs 

Material  Handled:  Limestone  and  AI203 

Material  Temperature:  Ambient 
Normal  -  Ambient 

Maximum  -  110  deg.  F. 


Capacity: 

Normal  - 
Range  - 
Loaded  By: 
Operations,  Hrs/Day: 
Location: 

Cable:  38  ft.  steel 


110  deg.  F. 
Varies 

Up  to  5  Tons 
Manually 


PROJECT  NAME 

USAEC 

JOB  NO. 

322243 

EXISTING  OR  NEW? 

NEW 

APPR  DATE 

sum  PA  1W1/94 


Discharge  To:  Platforms 
Days/Year: 


Outdoors  or  in  temperary  bldg. 


SPECIFICATIONS 


5  Ton  Hoist 

Hoist  Moves  in  the  x,y,  and  z  plains. 

Support,  structural  steel  for  independently  supporting  Hoist. 
Motorized  for  every  direction 


H2006CBC.WK1 


CONVEYOR 

IT  CORP  SPEC.  NO. 

LT.  CORPORATION 

SPECIFICATION 

POLLUTION  CONTROL  ENGINEERING 

NO 

BY 

DATE 

REV. 

SHEET 

1  OF 

1 

1 

PROJECT  NAME 

USAEC 

AREA  NO: 

20 

2 

JOB  NO. 

AREA  NAME: 

CBC 

322243 

TAG  NO.: 

H-2005 

LOCATION 

EQUIPMENT  NAME: 

AI203  FEED 

3 

SCREW  CONVEYOR 

BY 

APPR 

DATE 

WMS 

PA 

11/30/04 

1  I  Quantity:  ONE 


2 

B 

Materia!  Form:  Sludge  Solid  X  Other: 

3 

E 

Density:  70  —  80  Ib/ft3  |  Temperature:  AMB.  degF 

Viscosity: 

cp  1  Partide  Size:  Max. 

1  /32  Inches  -  Min,  Inches 

K1 

c 

R 

Moisture  Content:  Dry  X  Wet 

%  1  Free  Liquid: 

Yes  No  X  % 

5 

0 

V 

Material  Reactions:  NONE  Hardens 

Calcifies 

Other: 

6 

N 

1 

Corrosion  or  Erossion  Factors;  MODERATELY  EROSSIVE  1 

7 

D 

C 

Vapor  Formation;  Yes  No  X  |  Vapor  Collection:  Yes 

No 

X  1  Vapors  Formed: 

_ 

8 

1 

E 

Service  Location:  Indoors  X  Outdoors  X  1 

Kl 

Location  Description:  . 

Ba 

0 

Capacity:  Normal:  50  Ib/hr;  Maximum:  150 

Ib/hr 

Elevation 

Gain:  0  ft. 

Horizontal  Conveyance:  *  ft. 

m 

P 

Ooeratlnq  Factor;  hrs/day,  days/yr  |  I 

MB 

R 

Fed  by:  AI203  FEED  HOPPER  H-2004 

1  Discharge  to:  CIRCULATING  BED  COMBUSTOR  F-2001  1 

■El 

S 

T 

Eouioment  Operation:  Continuous  X  Intermittent 

On  Demand 

Reversing 

other:  VARIABLE  SPEED  I 

■□ 

N 

Past  Experience: 

■S 

G 

- 

mm 

Conveyor  Tvoe:  Belt  Roller  Pan  Apron 

Drag  Flight 

ma 

Width:  * 

lrx:hes 

Lenqth: 

4 

ft. 

■m 

ft  ./min. 

Incline 

/Dedine 

Degrees  from  Horizontal 

mm 

0 

Weiqht:  * 

lbs 

Loaded  Weight:  * 

lbs 

N 

Enclosure:  Open  Covered  X  Sealed  X  Inert  Atmosphere 

Other: 

S 

Enclosure  Seal:  HIGH  TEMPERATURE  GASKET 

T 

BELT  CONVEYOR 

R 

Support  Type:  Idler  Roller  Flat  Plate 

Other 

ma 

U 

Idler/Plate  Arranqement:  Flat  Trouqhed 

Trough  Indine: 

Degrees 

C 

.  . **  . . "”l - - 

Roller  Size:  Inches  |  Roller  Spadnq:  Inches 

Impact  Roller  Size: 

Inches  I  Impact  Roller  Spadnq:  Inches  1 

26 

T 

Head  Pulley  Length: 

Inches 

Head  Pulley  Diameter: 

Inches 

mi 

1 

Tail  Pulley  Lenqth: 

Inches 

Tail  Pulley  Diameter 

Inches 

28 

O 

Belt  Type: 

Belt  Chevrons:  Type:  I 

29 

N 

Belt  Cleaner:  Type:  Scraper  Brush 

Wire 

Other: 

30 

Skirt  Plate:  Yes  No  I  Skirt  Depth: 

Inches 

Skirt  Width: 

Inches 

31 

D 

CONTINUOUS  FLOW  CONVEYOR  1 

32 

E 

Chain  Type: 

Chain  Pitdr: 

Inches  | 

33, 

T 

Pan  Type:  1 

34 

A 

Bearing  Spadnq:  * 

Inches 

Bearing  Type:  * 

35~ 

1 

Pan  Width:  inches  I  Pan  Depth: 

Inches 

Pan  Thickness :  Inches  | 

36 

L 

Attachment  to  Chain:  1 

ES 

S 

Roller  Diameter; 

Inches 

Roller  Type: 

Headshaft  Diameter: 

Inches 

Type  Sprocket 

Tailshaft  Diameter: 

Inches 

Type  Sprocket 

40 

Flite  Pitch:  * 

41 

M 

Belt/Pan: 

Rollers: 

mm 

A 

Idlers; 

Scraper; 

■El 

T 

Flites:  CARBON  STEEL 

Enclosure 

CARBON  STEEL 

_ 

44 

1 

Shaft:  SCH.  80  PIPE.  CARBON  STEEL 

Sprocket:  1 

45 

L 

Screw:  CARBON  STEEL 

Trough: 

CARBON  STEEL 

46 

Type:  Direct  Gear  V-Bett  X 

Other: 

Frame:  * 

47 

D 

Electric  Motor  Make;  * 

Mounted  By;  VENDOR 

Endosure:  TEFC 

48 

R 

Insulation:  I  Temp.  Rise:  deg  F 

Volts: 

460 

Phase:  3 

Cyde;  60 

49 

1 

Estimated  BHP  Required:  *  hp  I  Nomina!  Motor  Size: 

♦ 

_ I1P_ 

Speed:  1 800  rpm  | 

50 

V 

Speed  Reducer:  Integral  Separate  *  |  Ratio:  * 

Mfr  ♦ 

51 

E 

Model:  * 

Class: 

1 

52 

R 

53 

CONVEYOR  TO  BE  EQUIPPED  WITH  A  VARIABLE  SPEED  DRIVE. 

54 

M 

Shop  Tests  Required:  * 

1 

Mechanical  Drawinq  No's:  * 

Other: 

58 


59  _ 

60  _ 

61  VENDOR  TO  COMPLETE  iNFORMATiON  MARKED  * 


H2005CBC.WK1 


I.T.  CORPORATION 

POLLUTION  CONTROL  ENGINEERINO 


AREA  NO:  20 

AREA  NAME:  CBC 

TAG  NO.:  H-2003 

EQUIPMENT  NAME:  UMESTONE  FEED 
SCREW  CONVEYOR 


Quantity:  ONE 


CONVEYOR 

SPECIFICATION 

IT  CORP  SPEC.  NO. 

NO 

BY 

DATE 

REV. 

SHEET  1  OF  1 

1 

PROJECT  NAME 

USAEC 

2 

JOB  NO. 

322243 

LOCATION 

3 

BY  APPR  1  DATE 

WMS  PA  1  11/30/94 

Material  Conveyed:  LIMESTONE 


Material  Form:  Sludge 


Solid 


Other: 


Density:  85  —  95  Ib/ft3  I  Temperature:  AMB.  deg  Fj  Viscosity: 


cp  i  Partide  Size:  Max.  1  /32  Inches  -  Min. 


Inches 


Moisture  Content: 


Wet 


%  I  Free  Liquid:  Yes 


No 


% 


Material  Reactions:  NONE 


Hardens 


Calcifies 


Other: 


Corrosion  or  Erossion  Factors:  MODERATELY  EROSSiVE 


Vapor  Formation:  Yes _ No  X  |  Vapor  Coll^ion:  Yes 


No  X  I  Vapors  Formed: 


Service  Location:  Indoors  X  Outdoors  X 


Location  Description: 


Capacity:  Normal: 


50 


Ib/hr;  Maximum: 


150 


Ifa/hr  I  Elevation  Gain: 


ft.  1  Horizontal  Conveyance: 


Operating  Factor: 


hrs/day, 


days/yr 


Fed  bv:  LIMESTONE  FEED  HOPPER  H  -2002 


I  Discharge  to:  CIRCULATING  BED  COMBUSTOR  F-2001 


Equipment  Operation:  Continuous 


X  Intermittent 


On  Demand 


Reversing 


Other:  VARIABLE  SPEED 


Past  Experience: 


Conveyor  Type:  Belt 


Roller 


Pan 


Apron 


Drag  Flight 


Other: 


SCREW  TYPE 


Width: 


Inches  Length: 


Speed: 


ft./min. 


Weight: 


lbs 


Incline 


/Decline 


Degrees  from  Horizontal 


Loaded  Weight: 


lbs 


Enclosure:  Open 


Covered  X  Sealed  X  Inert  Atmosphere 


Other: 


Erx^losure  Seal: 


HIGH  TEMPERATURE  GASKET 


BELT  CONVEYOR 


Support  Type:  Idler 


Roller 


Flat  Plate 


Other: 


Idier/Plate  Arrangement:  Flat 


Troughed 


Trough  Incline: 


Degrees 


Roller  Size: 


Inches  I  Roller  Spacing: 


Inches  |  Impact  Roller  Size: 


Head  Pulley  Length: 


Inches  |  Head  Pulley  Diameter: 


Tail  Pulley  Length: 


Inches 


Beit  Type: 


Inches  [  Impact  Roller  Spacing: 


Inches 


Inches 


Tall  Pulley  Diameter 


Inches 


Belt  Chevrons: 


Type: 


Belt  Cleaner: 


Type:  Scraper 


Brush 


Wire 


Other: 


Skirt  Plate:  Yes 


No 


Skirt  Depth: 


Inches  Skirt  Width: 


Inches 


CONTINUOUS  FLOW  CONVEYOR 


Chain  Type: 


Chain  Pitch: 


Pan  Type: 


Bearing  Spacing: 


Pan  Width: 


Inches  I  Pan  Depth: 


Inches  Searing  Type: 


Inches  Pan  Thickness: 


Inches 


Attachment  to  Chain: 


Roller  Diameter: 


Irxrhes  Roller  Type: 


Headshaft  Diameter: 


Inches 


Taitshaft  Diameter: 


Inches 


Flite  Pitch: 


Belt/Pan: 


idlers: 


Fiites:  CARBON  STEEL 


Shaft:  SCH.  80  PIPE,  CARBON  STEEL 


Screw;  CARBON  STEEL 


Type  Sprocket 


Type  Sprocket 


Rollers: 


Scraper: 


Enclosure: 


CARBON  STEEL 


Sprocket: 


Trough: 


CARBON  STEEL 


Type:  Direct 


Gear 


V-Belt 


Other: 


Electric  Motor  Make: 


Insulation: 


Temp.  Rise: 


degF 


Mounted  By:  VENDOR 


Frame: 


Enclosure: 


TEFC 


Volts: 


460 


Phase: 


Estimated  BHP  Required: 


hp  i  Nominal  Motor  Size: 


J2E 


Speed  Reducer:  Integral 


Separate 


Ratio: 


Cyde: 


60 


Speed:  1 800 


rpmj 


Mfr: 


Model: 


CONVEYOR  TO  BE  EQUIPPED  WITH  A  VARIABLE  SPEED  DRIVE. 


Shop  Tests  Required: 


Mechanical  Drawing  No’s: 


Other: 


VENDOR  TO  COMPLETE  INFORMATION  MARKED 


H2003CBC.WK1 


PUMP  SPECIFICATION 

NO 

BY 

DATE 

REV. 

1 

2 

3 

LT.  CORPORATION 

POLLUTION  CONTROL  ENGINEERING 


AREA  NO: 

AREA  NAME: 

TAG  NO.: 

EQUIPMENT  NAME: 


20 

CBC 

P-2001 

COOUNG  WATER 

RECIRCULATION 

PUMP 


itcorpspec.no. 


SHEET 

1  OF 

1 

PROJECT  NAME 

USAEC 

JOB  NO. 

322243 

EXISTING  OR  NEW? 

NEW 

BY 

APPR 

DATE 

WMS 

PA 

11/30/94 

1 

c 

Manufacturer 

* 

Model  No.: 

* 

2 

0 

No.  of  Units: 

ONE 

m 

N 

Liquid  Pumped:  WATER 

Max.  Capacity  at  P.T.:  50 

gpm 

Discharge  Press.: 

103  ft.| 

4 

D 

Pumping  Temp.:  150  deg  F 

i  Sp.  Gr.  @  P.T.: 

1.0 

Suction  Press 

psia 

Viscosity  @  P.T.: 

1  cP 

5 

T 

Differential  Press.: 

psi 

Differential  Head: 

Ft. 

Vapor  Pressure  @  P.T.: 

psia 

NPSH  Available: 

ft. 

6 

N 

Corrosion  or  Errosion  Factors: 

NPSH  Required: 

* 

ft. 

7 

S 

_ U 

8 

Horizontal  or  Vertical  Arrangement? 

HORIZONTAL 

Single  or  Double  Suction? 

SINGLE 

9 

C 

CW  OR  CCW  Direction  of  Rotation  Facing  Pump  Coupling: 

CW 

Case  Design  Press.:  * 

psig 

Max.  Allow.  W.P.; 

* 

psig 

10 

O 

Number  of  Stages: 

Speed:  * 

rpm 

Shut  “Off  Press.: 

feet 

Vol.  Eff.  @  Rating: 

* 

% 

11 

N 

Barrel: 

Split? 

Horizontal? 

HORIZONTAL 

Vertical?  | 

m 

S 

Impeller: 

Type: 

Max.  Diameter:  * 

Min.  Diameter:  * 

Inches  | 

■Q 

T 

Actual  Imp.  Dia.:  * 

Inch 

Vent  and  Drain  Tapped? 

Thrust  Bearing  Type: 

Radial  Bearing  Type: 

■Q 

R 

Nozzles 

Size 

Rating 

Facing 

Location 

Bearing  Lub.  Type: 

m 

* 

150# 

FF 

END 

Oiler? 

* 

Oiler  Type;  * 

■s 

♦ 

150# 

FF 

TOP 

Coupling  Mfr.: 

Coupling  Model: 

■Q 

Baseplate? 

YES 

Type  Baseplate:  INTEGRAL 

1 

Drains 

* 

UNC 

BOTTOM 

Water  Cooling:  Csng,  Stffg  Bx,  Brgs,  Pdstl,  GInd  or  none? 

* 

■El 

O 

Cooling  H20 

Total  Water  Req’d:  * 

gpm 

Smothering  Gland? 

* 

N 

Stuffing  Box  Lubrication:  Oil,  Grease  or  None?  * 

Type  Packing:  * 

* 

El 

MECHANJCAL  SEAL: 

Furnished  By: 

* 

Manufacturer 

• 

Type; 

* 

D 

Single  or  Double? 

* 

Inside  or  Outside? 

Balanced  or  Unbalanced? 

E 

Rotary  Unit: 

Seal  Ring  Mtrl: 

Face  Material: 

Shaft  Packing:  * 

El 

T 

Insert: 

Reversible? 

Face  Material: 

m 

D 

Insert  Mounting:  Clamped,  O-Ring  or  Press  Rt?  I 

D 

Gland: 

Plain? 

Carbon  Throttle  Bushing? 

m 

H 

Gland  Stuffing  Box  Machined  &  Tapped  for: 

Dead  End  Lub.? 

Circulating  Lub.? 

m 

H 

Rushing  Seal  Faces  with  Discharge  Bypass? 

Quenching? 

Vent  &  Drain? 

^1 

Rushing  Seal  Faces  with  External  Ruld? 

Auxilliary  Stuffing  Box  Required?  | 

lbs. 

Weight  of  Base: 

* 

lbs. 

Weight  of  Driver:  * 

lbs. 

Shipping  Weight: 

lbs.  I 

31 

M 

Casing  &  Covers:  CAST  IRON 

Shaft: 

Casing  wear  Rings:  ♦ 

Shaft  Sleeves:  * 

T 

Impeller: 

* 

Lantern  Rings: 

* 

Impeller  Wear  Rings: 

Stuffing  Box  Bushings: 

L 

Glands: 

* 

Gaskets:  | 

El 

Furnished  By: 

PUMP 

MGFR 

Elec,  or  Steam  Turbine? 

ELEC 

Direct,  Gear,  V- Belt  or  Rope? 

V-BELT 

1 

ELECTRIC  MOTOR:  ' 

Mfr. 

* 

STEAM  TURBINE: 

Mfr.: 

Mounted  By 

PUMP 

MGFR 

Enclosure:  TEFC 

Mounted  By: 

Model: 

37 

D 

Speed: 

1800 

rpm 

Service  Factor: 

1.15 

Horsepower: 

HP 

Water  Rates: 

Lbs/Hr  1 

38 

R 

Volts: 

460 

Temp.  Rise: 

Speed 

rpm 

Vacuum  (if  any): 

39 

1 

Phase: 

3 

Insulation: 

Inlet  Steam  Press.: 

Inlet  Steam  Temp.: 

40 

V 

Cycles: 

60 

_ 

Frame: 

* 

Normal: 

psig 

Normal: 

deg.  F 

41 

E 

Nominal  Size:  5 

HP 

Est.  BHP  Req’d: 

4.0 

HP 

Max. 

psig 

Max.: 

deg  F 

42 

R 

SPEED  REDUCERS: 

Mfr.: 

Backpressure: 

psig 

_  1 

43 

Ratio: 

Model: 

Nozzles 

Size 

Rating 

Facing 

Location 

44 

integral  or  Separate? 

Class: 

Inlet 

m 

Exhaust 

46 

See  Driver  Specification  No.:  I 

sa 

T 

Performance  Curve? 

YES 

Certified? 

M 

Serial  Number: 

* 

E 

Curve  No.: 

* 

1 

Outline  Drawing  Number: 

* 

49 

S 

Hydrotest? 

YES 

Pressure: 

psig 

S 

Cross  Section  Drawing  Number: 

♦ 

50 

T 

Witness  Testing?  NO 

Shop  Inspection? 

NO 

C 

. 

El 

N 

m 

O 

T 

54 

E 

El 

S 

VENDOR  TO  COMPLETE  INFORMATION  MARKED 

* 

1 

P2001CBC.WK1 


AREA  NO:  30 

AREA  NAME:  CBC 

TAG  NO.:  H-2001 

EQUIPMENT  NAME:  ASH  COOLER 
CONVEYOR 


ONE  I _ 

I  Material  Conveyed:  BED  MATERIAL,  ASH 
20  ~  50  Ib/ft3  I  Temperature:  1 ,600 


CONVEYOR 

SPECIFICATION 

NO 

BY 

DATE 

REV. 

1 

2 

3 

ITCORP  SPEC.  NO. 

SHEET  1  OF  T 


PROJECT  NAME 

USAEC 

JOB  NO. 

322243 

LOCATION 


DATE 

11/30/94 


Material  Form:  Sludo 


X  Other: 
1/4  Inches  • 


I  Horizontal  Conveyance: 


ASH  BIN  T-2001 

Reversing _ 


■oEi 

m 


im 


V  Material  Reactions:  NONE _ Hardens _ Calcifies _ Other  _ 

I  Corrosion  or  Erossion  Factors:  MODERATELY  EROSSIVE _ _ _ _ _ 

C  Vaoor  Formation:  Yes  No  X  I  Vapor  Collection:  Yes  No  X  |  Vapors  Formed:  _ 


E  Service  Location:  Indoors  X  Outdoors 


Location  Description: 

O  Capacitv:  Normal:  ^.30  ton/hr;  Maximum:  0.50  ton/hr  j  Elevation  Gain: _ _ _ _ _ _ 

P  Op^tinq  Factor:  hrs/day,  days/yr  |  ^ _ 

R  Fed  by:  CiRCULATING  BED  COMBUSTOR  F~2001  I  Discharge  to:  ASH  BIN  T -2001 _ 

T  Equipment  Operation:  Continuous _ X  Intermittent _ On  Demand _ Reversing _ Other:  VARIAI 

N  Past  Experience: _ _ _ — - - 

G  SCREW  TO  SERVE  AS  CONVEYOR  AS  WELL  AS  HEAT  EXCHANGER:  SOLIDS  OUTLET  TEMP.  200  deg.  F 


;  Belt  Roller  Pan  Apron _ Drag  Flight _ Other: _ WATER  COOLED  SCREW 

Inches  I  Length: 


'  _ _ _ ft./min.  Ir^dine  X  /Decline _ _ *  Degrees  fro 

lbs  Loaded  Weight:  *  _ 


Enclosure:  Open _ Covered  X  Sealed  X  inert  Atmosphere _ Other: _ 

Enclosure  Seal:  HIGH  TEMPERATURE  GASKET _ _ _ _ _ 

BELT  CONVEYOR _ 


VARIABLE  SPEED 


Conveyor  T 
Width: 


Degrees  from  Horizontal 


l^il 

IKII 


Support  T 
Idler/Plate  Arrangement:  Flat 

Roller  Size: _ Inches 

Head  Pulley  Length: 


Tail  Pulley  Length: 


Belt  Type: _ 

Belt  Cleaner;  T 


Roller _ 

_ Trouqhed 

I  Roller  Spacing: 


Other: 

I  Trough  Incline: _ 

Tipact  Roller  Size: _ inches 

Inches  |  Head  Pulley  Diameter: 

Tail  Pulley  Diameter: 


Belt  Chevrons: 


Skirt  Depth; 


\m 


T  Pan  Type: _ 

A  Bearing  Spi 


I  I  I  Pan  Width: 


36  L  Attachment  to  Chain: 

37  S  Roller  Diameter: 


Headshaft  Diameter: 
Taiishaft  Diameter: 


Inches  Pan  Depth: 


Inches  |  Bearing  T 


Inches  Pan  Thickness: 


Indres  |  Roller  Type: 


Inches  Type  Sprocket 
Inches 


Belt/Pan: _ 

Idlers: 


Flites:  CARBON  STEEL _ 

Shaft:  SCH.  80  PIPE,  CARBON  STEEL 

Screw:  CARBON  STEEL 


:  Direct  X  Gear  V~BeIt 


Electric  Motor  Make:  * 


r  Insulation:  Temp.  Rise: 


Estimated  BHP  Required:  * _ hp  I  Nomin 

Speed  Reducer:  Integra!  Separate 


I  Model:  * _ 


Rollers: 

Scraper: 


Enclosure: 

Sprocket: 


CARBON  STEEL 


Trough: 


-Belt  Other:  _ 


Mounted  By:  VENDOR 


deg  F  Volts:  460  F 


Nominal  Motor  Size: _ 5 _ he_ 

*  I  Ratio:  *  i  Mfr: 


_ i  Class: _ 


CARBON  STEEL 


Frame:  * 

Enclosure: 
de;  60 


I  CONVEYOR  TO  BE  EQUIPPED  WITH  A  VARIABLE  SPEED  DRIVE. 


Shop  Tests  Required;  * 


Mechanical  Drawing  No’s:  *  _ 


I  Other; 


1 .  MATERIAL  HEAT  CAPACITY  =  0.25  Btu/lb-deg.F 


2.  COOLING  WATER:  FLOW  -  *  INLET  TEMP.  ^  * 


INLET  PRESSURE  =  *  PRESSURE  DROP  == 


61  VENDORTO  COMPLETE  INFORMATION  MARKED  * 


OUTLET  TEMP. 


LT.  CORPORATION 

POLLUTION  CONTROL  ENGINEERINC 


AREA  NO:  30 

AREA  NAME:  CBC 

TAG  NO.:  T-2001 

EQUIPMENT  NAME:  ASH  BIN 


HOPPER 

SPECIFICATION 

NO 

BY 

DATE 

REV. 

1 

2 

3 

ITCORP  SPEC.  NO. 

SHEET  1  OF 

1 

PROJECT  NAME 

USAEC 

JOB  NO. 

322243 

EXISTING  OR  NEW? 

NEW 

BY  APPR 

DATE 

SUM  PA 

11/30/94 

FUNCTIONAL  DATA 

Application: 

Material  Handled: 
Density: 

Material  Temperature: 
Normal  - 
Maximum  - 
Capacity: 

Normal  - 
Range  - 


Receiving  Hot  Ash 
CBC  Bed  Material,  Ash 
20  -  50  pcf 

200  deg.  F 
600  deg.  F. 

30  Ib/hr 
10to150lb/hr 


Particle  Size:  1“  max. 
Moisture:  None 


Operations,  Hrs/Day:  12-24  Days/Year:  365 

Location:  Outdoors  or  in  temperary  bldg. 


SPECIFICATIONS 

1 .  Bin  capacity  to  be  1  cubic  yard. 

2.  Bin  to  include  tote  lugs  for  transportation. 

3.  Bin  to  include  hinged  inspection  lid  with  entrance  port  for  ash  inlet. 


4.  Materials  of  construction  to  be  carbon  steel. 


T2001  CBC.WK1 


LT.  CORPORA'nON 

POLLUTION  CONTROL  ENGINEERING 


AREA  NO: 

AREA  NAME: 

TAG  NO.: 

EQUIPMENT  NAME: 


50 

APC 

T-5001 

PARTIAL 

QUENCH 


VERTICAL  VESSEL 


NO  I  BY 


DATE 


REV. 


rrcoRP  SPEC.  NO. 


SHEET 


1  OF  1 


PROJECT  NAME 

USAEC 


JOB  NO. 


322243 


LOCATION 


BY 

WMS 


APPR 

PA 


DATE 

11/30/04 


— 

Operating  Pressure,  psig 

30*  W.C. 

VACUUM  1 

K1 

Inlet  Operating  Temperature,  deg  F 

1.600 

■1 

Outlet  Operating  Temperature,  deg  F 

400 

m 

Design  Pressure,  psig 

60*  W.C.  VACUUM 

IQ 

Design  Operating  Temperature,  deg  F 

2.200 

D 

Operating  Gas  Row 

5000  ACFM 

Kl 

E 

Operating  Velocity 

10  FT  PER  SECOND 

K1 

S 

Residence  Time 

3  SECONDS 

10 

1 

No.  of  Water  Guns 

2 

ID 

m 

Configuration 

COCURRENT,  UP 

-FLOWl 

IB 

N 

IB 

IQ 

IB 

Type  Supports:  1 

16 

Insulation: 

EXTERIOR  INSULATION 

IQ 

Rreprooofing: 

NONE 

Sandblast: 

NONE 

Paint: 

MANHOLE: 

Hinged? 

X 

Davited? 

Other: 

Platform  Clips: 

1  Ladder  Clips: 

Insul.  Rings: 

Hi 

■ 

Pipe  Supports:  1 

■ 

Windload:  110  MPH 

mph 

Seismic: 

ZONE  3 

■ 

Weight  Empty: 

• 

lbs. 

Weight  Full  of  Water:  N/A 

lbs. 

ma 

Item 

Thicknss 

Mat'!  CIS 

Mat'l 

-  Minimum  Quality  | 

m 

Shell 

1/4* 

C.S. 

A -36 

M 

Heads 

m 

A 

Lining 

T 

O.D. 

40- 

29 

E 

Length 

33  ft 

K«1 

R 

No2zle  Necks 

C.S. 

A -36 

m 

1 

Ranges 

C.S. 

A-36 

32 

A 

L 

M.H.  Cover 

E3 

S 

Supports 

Bolts/Studs 

Ed 

Nuts 

E3 

Gaskets 

HIGH  TEMPERATURE 

Ed 

Service 

Mark 

123 

EB 

N 

INLET  OFF-GAS 

A 

1 

28- 

40 

O 

OUTLET  OFF-GAS 

-B 

1 

18- 

EO 

SOLIDS  OUTLET 

C 

1 

r 

KB 

NOZZLES 

D 

2 

4 

r 

EB 

POKE -HOLES 

E 

2  ' 

4 

r 

EQ 

MANWAY 

F 

1 

18- 

EB 

G 

Ed 

S 

H 

EB 

1 

EB 

H 

J 

EB 

B 

K 

id] 

D 

L 

El 

H 

M 

B 

N 

E 

O 

idl 

P 

For  Further  Details,  See  Sheet  No.: 


T5001CBC.WK1 


I.T.  CORPORATION 


AREA  NO: 

AREA  NAME: 

TAG  NO.: 

EQUIPMENT  NAME: 


50 

APC 

S-5001 

BAGHOUSE 


MISC.  S 

JPECIFICATION 

NO 

BY 

DATE 

REVISION 

1 

2 

3 

IT  CORP  SPEC.  NO. 

SHEET  1  OF  1 
PROJECT  NAME 

USAEC 

JOB  NO. 

322243 

LOCATION 


APPR  DATE 

PA  11/30/94 


I  QUANTITY  I  DESCRIPTION 


Process  Conditions 


Application: 

Material  Handled: 

Flue  gas  Flow: 

Flue  Gas  Pressure: 

Flue  Gas  Temperature; 
Flue  Gas  Moisture: 

Inlet  Particulate  Loading: 
Outlet  Particulate  Loading: 


Gas  Cleaning  System 
Fine  Particulate 
3500  ACFM 

Operating:  35“  W.C.  vacuum;  Design:  60"  W.C.  vacuum 
400  to  450  deg.  F 
50%  by  volume 
79  lb  per  hour 

Less  than  or  equal  to  0.01  gr/dscf  @  7%  oxygen 


Specifications: 


Air/cloth  Ratio: 

Number  of  Modules; 
Cleaning  Method: 
Maximum  Pressure  Drop: 
Materials  of  Construction: 


Approximate  Dimensions: 


Pulse  jet  (on-line  cleaning) 

6"  W.C. 

-  A-36  carbon  steel  housing/reinforcement  supports 

-  Galvanized  steel  mesh  bag  cages 

-  Woven  fiberglass  bags. 

13ftx17ftx26ft  high  (includes  4  ft  bottom  clearance) 


Miscellaneous 


-  System  including  module  main  housing,  top  lid  assemply  with  tube  sheet  for 
bag  support,  structural  support  and  access  platform,  manifolds  and  inlet  dampers 

.  between  modules. 

-  Include  C.S.  hoppers,  inlet  vane  baffle,  access  doors,  level  indicators,  poke 
holes,  vibrators,  hopper  heaters,  and  strike  plates. 


-  Baghouse  to  be  fully  insulated  (2  inches  minimum). 


S5001CBC.WK1 


IT  CORP  SPEC.  NO. 


I.T.  CORPORATION 

POLLUTION  CONTROL  ENGINEERING 


AREA  NO:  50 

AREA  NAME:  ARC 

TAG  NO.:  H-5001 

EQUIPMENT  NAME:  ROTARY 
AIRLOCK 


MISC.  SPECIFICATION 


NO 

BY 

DATE 

REVISION 

SHEET  1  OF  1 

1 

PROJECT  NAME 

USAEC 

2 

JOB  NO. 

322243 

LOCATION 

3 

BY  APPR  DATE 

WMS  PA  11/30/94 

1 


2 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 


QUANTITY 

1 


DESCRIPTION _ 

FUNCTION  DATA 

Application: 

Material  Handled: 
Density: 

Material  Temperature: 
Moisture: 

Capacity: 

Fed  By: 

Operation: 

Location: 


Processing  Gas  Cleaning  System  Dust 

Fine  Particulate 

20  to  50  lb  per  cubic  foot 

500  to  700  deg.  F 

No  Moisture 

Average:  10  Ib/hr;  Design:  100  Ib/hr 
Partial  Quench  T— 5001 
24  hours  per  day 
Outdoors  or  Indoors 


Specifications: 

-  1/3  HP  motor,  1 .15  safety  factor,  460V,  3  phase,  60  hz 

-  Cast  iron  body  construction 

-  Closed  end  rotor,  A-36  carbon  steel  construction 

-  Supply  with  plant  air  shaft  purge  connections 

-  To  be  supplied  with  a  zero  speed  switch 

-  Body  and  side  plate  ports  to  facilitate  cleanout  with  compressed  air 


H5001  CBC.WK1 


AREA  NO:  50 

AREA  NAME:  ARC 

TAGNO.:  H-5002 

EQUIPMENT  NAME:  ROTARY 
AIRLOCK 


MISC.  SPECIFICATION 


NO 


BY 


DATE 


REVISION 


ITCORPSPEC.  NO. 


SHEET  1  OF  1 


PROJECT  NAME 

USAEC 


JOB  NO. 


322243 


LOCATION 


BY 

WMS 


APPR 

PA 


1 

2 

3 

4 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

2^ 

18 

19 

20 
21 

23 

24 

25 

26 

27 

28 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 


QUANTITY 


1 


DESCRIPTION 


FUNCTION  DATA 


Application: 

Material  Handled: 
Density: 

Material  Temperature: 
Moisture: 

Capacity: 

Fed  By: 

Operation: 

Location: 


Processing  Gas  Cleaning  System  Dust 

Fine  Particulate 

20  to  50  lb  per  cubic  foot 

300  to  500  deg.  F 

No  Moisture 

Average:  70  Ib/hr;  Maximum:  100  Ib/hr 
Baghouse  S-5001 
24  hours  per  day 
Outdoors  or  indoors 


Specifications: 

-  1/3  HP  motor,  1.15  safety  factor,  460V,  3  phase,  60  hz 

-  Cast  iron  body  construction 

-  Closed  end  rotor,  A-36  carbon  steel  construction 

-  Supply  with  plant  air  shaft  purge  connections 

-  To  be  supplied  with  a  zero  speed  switch 

-  Body  and  side  plate  ports  to  facilitate  cleanout  with  compressed  air 


DATE 
1 1/30/94 


H5002CBC.WK1 


I.T.  CORPORATION 

POLLUTION  CONTROL  ENGINEERING 


AREA  NO: 

AREA  NAME: 

TAG  NO.: 

EQUIPMENT  NAME: 


50 

APC 

B-5001 

INDUCED  DRAFT 
FAN 


FAN  SPECIFICATION 


NO 

BY 

DATE 

REVISION 

1 

2 

3 

ITCORP  SPEC.  NO. 


SHEET  1 


OF 


PROJECT  NAME 

USAEC 


JOB  NO. 


322243 


LOCATION 


NEW 


BY 

WMS 


APPR 

PA 


DATE 

11730/94 


Manufacturer: 


Model  No.: 


No.  of  Units: 


ONE 


Description  of  Gas  and  Materials  Handled:  COMBUSTION  GAS  OR  AMBIENT  AIR 


Flow: 


6000 


ACFM  S.P. 


60 


Inches  W.G.  I  Temp.:  60  -  450 


deg.  F  |  Gas  Density:  NOTE  2  Lb/Cu.Ft. 


Hours  per  day  operation:  24 


Noise  Rating  Per  Attached  Noise  Level  Spec.  No. 


WHEEL:  Diameter: 


inches  |  Gage  and  Material  of  Rims: 


Blades: 


HOUSING  GAGE  &  MATERIALS:  Scroll 


C.S. 


Sides 


C.S. 


I  Tube  (Axial) 


Performance  Curves:  YES  Curve  No.:  * 


R.P.M.: 


I  B.H.P.  Required: 


Mfr.  Size  &  Type: 


Mech.  Efficiency: 


BEARINGS:  Type: 


Make: 


I  Weight: 


Lbs. 


Outlet  Velocity: 


ft/sec 


Manufacturers  No.: 


SHAFT :  Diameter  at  Bearings: 


inches 


Diameter  at  Wheel: 


inches 


Distance  Between  Bearings: 


I  Distance  from  Bearing  to  Fan  Wheel: 


Meocimum  Shaft  Speed: 


Arrangement: 


Rotation: 


CW 


I  Discharge: 


BAU 


Single  Width?  YES 


Double  Width? 


I  Single  Inlet? 


YES 


Double  inlet? 


SPECIAL  FEATURES  REQUIRED:  Ranged  Inlet  and  Outlet? 


YES 


Clean  Out  in  Housing?  YES 


Shaft  Seals? 


YES 


Split  Housing?  NO 


inlet  or  Outlet  Dampers?  INLET 


Drain  in  Housing?  YES 


Water  Jacketed  Bearings?  NO 


Other:  GUARDS  &  SCREENS 


Vertically  or  Horizontally  Mounted? 


Tubeaxial? 


Vaneaxial? 


TYPE  OF  INLET  AND  OUTLET:  Streamlined  Inlet? 


SPECIAL  FEATURES  REQUIREDAccess  Doors? 


Inlet  or  Outlet  Guard? 


Outside  Belt  Guard? 


Arrangement: 


Inlet  Cone? 


Support  Legs? 


Ranged  Inlet  &  Outlet? 


Rotation: 


Outlet  Cone? 


Motor  Hood? 


Other: 


Horizontally  or  Vertically  Mounted? 


Direct  Drive? 


SPECIAL  FEATURES  REQUIRED:  Safety  Guards? 


High  Capacity  Static  Conducting  V~Belt  Drive? 


Shutters? 


Other: 


Description  of  Guard  &  Shutter: 


Adjustable  Pitch? 


Automatic  Variable  Pitch? 


36 


37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

Furnished  By:  FAN  MFG^R 


ELECTRIC  MOTOR: 


Mounted  By:FAN  MFG^R 


Speed: 


rpm 


Volts: 


460 


Phase: 


Cycles: 


60 


Nominal  Size:  75 


HP 


SPEED  REDUCERS: 


Ratio: 


Integral  or  Separate? 


Elec  or  Steam  Turbine? 


ELEC 


Mfr.: 


Enclosure: 


TEFC 


Service  Factor:  1.15 


Temp.  Rise: 


Insulation: 


Frame: 


Est.  BHP  Req’d:  56.7 


HP 


Mfr.: 


Model: 


Class: 


Direct,  Gear,  Belt  or  V-Rope? 


DIRECT 


STEAM  TURBINE:  ;  : 


Mounted  By: 


Horsepower: 


HP 


Speed 


rpm 


Inlet  Steam  Press.: 


Normal: 


psig 


Max.: 


Psig 


Backpressure: 


Nozzles 


Inlet 


Exhaust 


Size 


psig 


Mfr.: 


Model: 


Water  Rates: 


Lbs/Hr 


Vacuum  (if  any): 


Inlet  Steam  Temp.: 


Normal: 


deg.  F 


Max.: 


deg  F 


Rating 


Facing 


Location 


SEE  DRIVER  SPECIFICATION  NO.: 


1 .  FAN  SHALL  BE  SIZED  TO  OPERATE  BETWEEN  SEA  LEVEL  AND  6000  FEET  ELEVATION. 


2.  GAS  DENSITY  MAY  RANGE  FROM  0.04  TO  0.07  LB  PER  CUBIC  FOOT. 


3,  VENDOR  TO  SUPPLY  REMOTELY  CONTROLLED  VARIABLE  INLET  VANE  DAMPER. 


VENDOR  TO  COMPLETE  INFORMATION  MARKED  ' 


B5001CBC.WK1 


LT.  CORPORATION 

POLLUTION  CONTROL  ENGINEERING 


AREA  NO:  50 

AREA  NAME:  APC 

TAG  NO.:  Z-5001 

EQUIPMENT  NAME;  STACK 


STACK 


NO  I  BY 


DATE 


REV. 


rrc( 


SHEET 


1  OF  1 


PROJECT  NAME 

USAEC 


JOS  NO. 


322243 


LOCATION 


BY 

WMS 


APPR 

PA 


DAT! 

ll/a 


55 


ma 

D 

E 

S 

I 

G 

N 

D 

A 

T 

A 

Operating  Pressure,  psig 

2-3“  W.C.  PRESSURE 

Kl 

Operating  Temperature,  deg  F 

400 

■a 

Design  Temperature,  deg  F 

500 

Operating  Gas  Row 

3,200  ACFM 

■3 

Design  Gas  Row 

5,000  ACFM 

n 

Design/Operating  Velocity 

50  FT  PER  SECOND 

8 

9 

IQ 

ID 

IS 

IQ 

IQ 

IQ 

Type  Supports:  SELF  STANDING 

IQ 

Insulation:  NONE 

IQ 

Rreprooofing:  NONE 

IQ 

Sandblast:  NONE  I  Paint: 

19 

MANHOLE:  Hinged?  |  Davited? 

Other: 

20 

Platform  Clips:  I  Ladder  Clips: 

insul.  Rings: 

El 

Pipe  Supports:  I 

Wind  Load:  110  MPH  mph 

Seismic:  ZONE  3 

ISI 

Weight  Empty:  *  lbs. 

Weight  Full  of  Water:  N/A  lbs. 

Ea 

M 

A 

T 

E 

R 

I 

A 

L 

S 

Item 

Thicknss 

Mat‘i  CIS 

Mat’!  -  Minimum  Quality 

m 

Shell 

1/4- 

C.S, 

A -36 

Heads 

m 

Lining 

O.D. 

18- 

IS] 

Length 

62  ft 

Nozzle  Necks 

C.S. 

A-36 

IsT 

Ranges 

C.S. 

A-36 

M.H.  Cover 

fm 

Supports 

Kii 

Boits/Studs 

B<g 

Nuts 

m 

Gaskets 

N 

0  I 
Z 

z 

L 

E 

S 

C 

H 

E 

D 

U 

L 

E 

Service 

Mark 

No. 

Size 

Rating 

Face 

Type 

SAMPLE  PORT 

A 

2 

4“ 

SAMPLE  PORT 

B 

2 

2“ 

o 

OFF-GAS 

C 

1 

18" 

42 

DRAIN 

D 

1 

2- 

m 

E 

EQ 

F 

m 

G 

EQ 

H 

m 

1 

EQ 

J 

49 

K 

L 

El 

M 

m 

N 

0 

P 

Nozzle  to  be  Plugged  or  Blinded  * 


For  Further  Details.  See  Sheet  No.: 
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I.T.  CORPORATION 

SPECIFICATION 

POLLUTION  CONTROL  ENGINEERING 

NO 

BY  DATE  REV. 

SHEET  1  OF  1 

1 

PROJECT  NAME 

USAEC 

AREA  NO:  50 

JOB  NO. 

AREA  NAME:  ARC 

2 

322243 

TAG  NO.:  T-5002A,B 

EXISTING  OR  NEW? 

EQUIPMENT  NAME:  DUST  COLLECTION 

NEW 

DRUMS 

3 

BY  APPR  DATE 

SUM  PA  11/30/94 

1 

FUNCTIONAL  DATA 

3 

4  Application:  Receiving  Hot  Ash 

5  Material  Handled:  Ash,  dust 

6  Density:  20  -  50  pcf 

7  Material  Temperature: 

8  Normal  -  400  deg.  F 

9  Maximum  -  500  deg.  F. 

10  Capacity: 

11  Normal  -  1  Ib/hr  Particle  Size:  <  1/32" 

12  Range  -  0  to  10  Ib/hr  Moisture:  None 

13 

14  Operations,  Hrs/Day:  12-24  Days/Year:  365 

15  Location:  Outdoors  or  in  temperary  bldg. 

16 
17 

SPECIFICATIONS 

19 

20  1 .  Drum  capacity  to  be  55  gallons. 

21 

22  2.  Drum  to  include  hinged  inspection  lid  with  entrance  port  for  ash  inlet. 

23 

24  3.  Materials  of  construction  to  be  carbon  steel. 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 
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CONCEPTUAL  DESIGN  AND  RELATED  DOCUMENTS 


10.0  GENERAL  ARRANGEMENT  DRAWINGS 


U.S.  Army  Environmental  Center 
Red  Water  Treatment  Technology 
Test  Plan  and  Site  Preparation 
Aberdeen  Proving  Ground,  Maryland 


KN\1S85\WP15*S«1-12-95\D1  I'd 


11 


U.S.  ARMY  ENVIRONMENTAL  CENTER 
ABERDEEN  PROVING  GROUND,  MARTVANO 


aRCULATING  BED  COMBUSTOR 
GENERAL  ARRANGEMENT 
PLAN  AND  ELEVATION 


PROJ.  NO. 

DRAWING  NO. 

322243 

o-io-02-ooi 

CONCEPTUAL  DESIGN  AND  RELATED  DOCUMENTS 


11.0  ELECTRICAL  ONE-LINE  DRAWING 


U.S.  Army  Environmental  Center 
Red  Water  Treatment  Technology 
Test  Plan  and  Site  Preparation 
Aberdeen  Proving  Ground,  Maryland 


KNM585\WP15*5\01-12-95\D1 1\E1 
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CONCEPTUAL  DESIGN  AND  RELATED  DOCUMENTS 


12.0  MASS  AND  ENERGY  BALANCE  OUTPUTS 
(Normal  Case,  Start-Up  Case,  and  Hot  Idle  Case) 


U.S.  Army  Environmental  Center 
Red  Water  Treatment  Technology 
Test  Plan  and  Site  Preparation 
Aberdeen  Proving  Ground,  Maryland 


KNM585\WP15S5V)1-12-95VD11\E1 


COMPANY  NAME:  U  CoiporatioQ 

PROJECTNAME:  USAEC 

LOCATION:  Aberdeen  Proving  Ground,  Maryland 


PRQffiCTNO-  322243 
SPEC  NO.: 

WP:  WP1585.12 


12,0  Mass  and  Energy  Balance  Outputs 
(Normal  Case,  Start-Up  Case,  and  Hot  Idle  Case) 


Mass  and  Energy  Balance  Process  Strategy.  An  M&EB  was  peifonned  on  the  red 
water  feed  (heating  value  =  487  Btu/lb)  consisting  of  15  percent  solids  and  the  balance  water. 
A  total  of  Aree  M&EBs  were  performed  for  the  conceptual  design.  They  are: 

•  Normal  case 

•  Start-iq)  case 

•  Hot  idle  case. 

During  the  normal  case,  1.5  gpm  of  red  water  is  processed  in  the  incinerator  with  a  cyclone 
exit  gas  temperature  of  1600°F.  The  gases  are  then  processed  in  the  APCS.  The  data  from 
this  output  are  used  to  generate  the  table  that  formed  the  concqttual  design  basis  and  also 
used  in  the  preparation  of  die  PFD. 

During  the  start-up  case,  there  is  no  red  water  feed  and  a  natural  gas-fired  start-up  burner  is 
used  to  preheat  the  combustion  air.  This  burner  in  turn  heats  up  and  circulates  the  bed 
material.  During  this  case,  the  cyclone  exit  gas  temperature  is  maintained  at  approximately 
1300°F,  which  is  above  the  auto  ignition  temperature  of  natural  gas.  The  data  from  this 
output  are  used  to  determine  the  turn  down  ratio  of  the  system.  These  data  are  presented  in 
Chapter  5.0. 

During  the  hot  idle  case  with  no  feed  to  die  CBC,  the  cyclone  exit  gas  is  maintained  at  600*^? 
using  the  start-up  burner.  The  hot  gases  at  6(K)°F  are  adequate  for  keeping  the  CBC  and  die 
APCS  warm  when  the  system  is  idle. 


By:  PA 
Checked:  PO 
Approved:  PA 
Date:  01A2/95 


Mass  and  Eneigy  Balance  Outputs  Area  No.: 

ITPCE  Area  Name:  All  Areas 

Knoxville,  Tennessee 

Rev.  No.  (0)  (1)  Page:  1  of  1 
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JOB  NO:  322243  JOB  DESC:  CIRC  BEO  COMBUSTOR,  1.5  GPM  RED  WATER  FLOW,  NORMAL  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE;  USAC.DAT 

HEAT  AND  MATERIAL  BALANCE  PROGRAM  VERSION  6.0 


UNIT  NO  COMBUSTION  DEVICE  BASE  CONDITIONS 


1  CIRC.  BED/CYCLONE  ATM  PRES  (IN.  H20): 

BASE  TEMP  (F): 

TOTAL  NUMBER  OF  FUELS 


COMBUSTION  MODULE 

OPERATING  CONDITIONS  UNIT  1 


EXIT  GAS  TEMPERATURE  (F>  1600.000 

EXIT  SOLID  TEMPERATURE  (F)  1600.000 

PRESSURE  DROP  (IN.U.C.)  2.000 

OUT  PRESSURE  (IN.  W.C.)  404.800 

RADIATION  HEAT  LOSS  .630 

HEAT  LOSS  UNIT  MM  BTU/HR 

HEAT  INPUT  (MM  BTU/HR)  .000 

EXCESS  AIR  (%)  FOR  OXIDIZED  WASTE  28.664 

MINIMUM  XS  AIR  (%}  FOR  OXIDIZED  WASTE  .000 

MINIMUM  02  (%)  IN  EXIT  GAS  5.000 

AIR  TEMPERATURE  TO  BURNER  (F)  60.000 

AIR  HUMIDITY  (LB  H20/LB  DRY  AIR)  .010 

EXCESS  AIR  FOR  AUX  FUEL  (%)  .000 

NAME  OF  AUXILIARY  FUEL  NAT  GAS 

QUENCH  CODE  (1  AIR, 2  H20)  1 

QUENCH  H20  TEMPERATURE  TO  BURNER  (F)  .000 

ASH  IN  EXIT  (%)  6.000 

MSALT  IN  EXIT  (%)  100.000 

ASALT  IN  EXIT  (%)  100.000 

FIXED  CARBON  IN  EXIT  (%)  .000 

C0/C02  COMBUSTION  EFFICIENCY  (%)  99.990 

FUEL  N02  EFFICIENCY  (%)  2.500 


ASH  MODULE  CONDITIONS 


SPECIFIC  HEAT 

MOLECULAR  WEIGHT 

<BTU/LB“F) 

(LB/LB-MOLE) 

406.800 

ASH 

.270 

100.000 

60.000 

MSALT 

.270 

100.000 

5 

ASALT 

.270 

100.000 

FIXED  CARBON 

.220 

12.011 

INERT 

.270 

100.000 

PYRO  GAS 

.500 

100.000 

EXIT  STEAM  DESTINATION 
HEAT  LOSS  (MM  BTU/HR) 

SOLID  EXIT  TEMPERATURE  (F) 
QUENCH  WATER  (GPM) 

MOISTURE  IN  WET  ASH  (%) 

QUENCH  H20  MAKEUP  TEMPERATURE 
QUENCH  H20  TSS  (mg/l) 

QUENCH  H20  TDS  (mg/l) 


ATMOSPHERE 

.000 

.000 

.000 

.000 

(F)  60.000 

.000 

.000 
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JOB  NO:  322243  JOB  DESC:  CIRC  BED  COMBUSTOR,  1,5  GPM  RED  WATER  FLOW,  NORMAL  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  USAC.DAT 


FUEL  TO:  CIRC.  BED/CYCLONE  (PER  HOUR) 


FUEL  NAME  ★★★**************************’^*******  COMPONENT  FLOW  TO  FURNACE  ★**★★*♦**★★★****★★****♦******★****★★** 


C 

H2 

02 

N2 

H20 

CL2 

s 

P 

250 

NAT  GAS 

PERCENT 

73.928 

24.431 

.891 

.750 

.000 

.000 

.000 

.000 

POUNDS 

83.704 

27.662 

1.009 

.849 

.000 

.000 

.000 

.000 

LB-MOLE 

6.969 

13.721 

.032 

.030 

.000 

.000 

.000 

.000 

251 

NAT  GAS 

PERCENT 

73.928 

24.431 

.891 

.750 

.000 

.000 

.000 

.000 

POUNDS 

51.010 

16.857 

.615 

.518 

.000 

.000 

.000 

.000 

LB-MOLE 

4.247 

8.362 

.019 

.018 

.000 

.000 

.000 

.000 

252 

REDSOLID 

PERCENT 

20.000 

.670 

21.000 

6.330 

.000 

.000 

4.330 

.000 

POUNDS 

24.780 

.830 

26.019 

7.843 

.000 

.000 

5.365 

.000 

LB -MOLE 

2.063  - 

.412 

.813 

.280 

.000 

.000 

.167 

.000 

253 

REDWATER 

PERCENT 

.000 

.000 

.000 

.000 

100.000 

.000 

.000 

.000 

POUNDS 

.000 

.000 

.000 

.000 

702,100 

.000 

.000 

.000 

LB-MOLE 

.000 

.000 

.000 

.000 

38.971 

.000 

.000 

.000 

TOT  FUEL 

POUNDS 

159.494 

45.349 

27.643 

9.210 

702.100 

.000 

5.365 

.000 

LB-MOLE 

13.279 

22.495 

.864 

.329 

38.971 

.000 

.167 

.000 

JOB  MO:  322243  JOB  DESC:  CIRC  BED  COMBUSTOR,  1.5  GPH  RED  WATER  FLOW,  NORMAL  CASE  10/20/94  15:32 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  USAC.DAT 


FUEL  TO:  CIRC.  BED/CYCLONE  (PER  HOUR)  (CONTINUED) 


FUEL  NAME  * 

****4r«***^ 

lrifr*******4r**il 

**  COMPONENT 

FLOW  TO  FURNACE 

SI 

BR2 

F2 

ASH 

MSALT 

ASALT 

F.CARB 

INERTS 

250  NAT  GAS 

PERCENT 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

POUNDS 

.000 

.000 

,000 

.000 

.000 

.000 

.000 

.000 

LB-MOLE 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

251  NAT  GAS 

PERCENT 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

POUNDS 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

LB-MOLE 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

252  REDSOLID 

PERCENT 

.000 

.000 

.000 

.000 

2.670 

45.000 

.000 

.000 

POUNDS 

.000 

.000 

.000 

.000 

3.308 

55.755 

.000 

.000 

LB-MOLE 

.000 

.000 

.000 

.000. 

.033 

.558 

.000 

.000 

253  REDWATER 

PERCENT 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

POUNDS 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

LB-MOLE 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

TOT  FUEL 

POJNDS 

.000 

.000 

.000 

.000 

3.308 

55.755 

.000 

.000 

LB-MOLE 

.000 

.000 

.000 

.000 

.033 

.558 

-000 

.000 
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JOB  NO:  322243  JOB  DESC:  CIRC  BED  COMBUSTOR,  1.5  GPM  RED  WATER  FLOW,  NORMAL  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE;  USAC.DAT 


UNIT  1  CIRC.  BED/CYCLONE 


***  MASS  AND 

FUELS: 

ENERGY  IN  *** 

USE  CODE 

TEMP  DEG  F 

LB/HR 

BTU/LB 

MM  BTU/HR 

%  OF  TOTAL 

HEAT  DUTY 

250 

NAT  GAS 

OXD 

60.00 

113.224 

21800.000 

2.468 

55.921419 

251 

NAT  GAS 

OXD 

60.00 

69.000 

21800.000 

1.504 

34.079197 

252 

REDSOLID 

OXD 

60.00 

123.900 

3200.000 

.396 

8.982662 

253 

REDWATER 

OXD 

60.00 

702.100 

.000 

.000 

.000000 

351 

COMBUSTION  AIR 

02 

60.00 

981.785 

.000 

.000 

.000000 

N2 

60.00 

3252.238 

.000 

.000 

.000000 

H20 

60.00 

42.340 

1059.900 

.045 

1.016721 

OVERALL  TOTAL 

5284.588  . 

4.414 

100.000000 

***  MASS  AND  ENERGY 

OUT  *** 

350 

COMBUSTION  GAS  OUT 

1600.00  DEG  F  ,  404.8 

IN.  W.C. 

LB-MOLES/HR 

LB/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

H20 

63.816 

1149.704 

1833.457 

2.108 

.282 

LB  H20/LB  DRY  GAS 

C02 

13-278 

584.365 

407.805 

.238 

9.713 

%  GAS  VOL  (DRY) 

CO 

.001 

.037 

411.485 

.000 

9.714 

PPMV  (DRY) 

N2 

116.406 

3261.218 

406.902 

1.327 

85.152 

%  GAS  VOL  (DRY) 

N02 

.016 

.756 

376.359 

.000 

120.233 

PPMV  (DRY) 

02 

6.835 

218.726 

377.212 

.083 

5.000 

%  GAS  VOL  (DRY) 

S02 

.167 

10.719 

286.955 

.003 

1223.945 

PPMV  (DRY) 

MSALT 

.033 

3.308 

415.800 

.001 

.385 

GR/DSCF  S  7%  02 

ASALT 

.558 

55.755 

415.800 

.023 

6.483 

GR/DSCF  a  7%  02 

TOTAL  COMBUSTION  GAS 

201.110 

5284.588 

715.983 

3.784 

- 

353 

HEAT  LOSS 

.630 

TOTAL  HEAT  RELEASED 

4.414 

354 

CO  He  AVAILABLE 

4343.600 

.000 

OVERALL  TOTAL 

201.110 

5284.588 

4.414 

TOTAL  DRY  GAS 

136.704 

4075.821 

1.651 

JOB  NO:  322243  JOB  DESC: 

CLIENT:  USAC 


COMBUSTION  AIR  SUMMARY 
OPERATING  CONDITIONS 


TEMPERATURE  (F) 
PRESSURE  (IN.  W.C.) 
FLOW  (ACFM) 


AIR  (DRY)  TOTAL  (LB/HR) 

AIR  (DRY)  THEORETICAL  (LB/HR) 
AIR  (DRY)  TOT-THEO  (LB/HR) 
EXCESS  AIR  (%) 


TOTAL  02  (LB/HR) 
THEO.  02  (LB/HR> 
TOT-THEO.  02  (LB/HR) 


TOTAL  N2  (LB/HR) 
THEO.  N2  (LB/HR) 
TOT-THEO.  N2  (LB/HR) 


COMBUSTION  GAS  SUMMARY 


TEMPERATURE  (F) 
PRESSURE  (IN.  U.C.) 
FLOW  (ACFM) 


CIRC  BED  COMBUSTOR,  1.5  GPM  RED  WATER  FLOW,  NORMAL  CASE  10/20/94  15:32 

ENGINEER:  SLM  DATA  FILE:  USAC.DAT 


UNIT  1 


60.000 

406.800 

928.285 


4234.024 

3290.753 

943.271 

28.664 


981.785 

763.060 

218.726 


3252.238 

2527.693 

724.545 


UNIT  1 


1600.000 

404.800 

5051.309 
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JOB  NO:  322243  JOB  DESC:  CIRC  BED  COMBUSTOR,  1.5  GPH  RED  WATER  FLOW,  NORMAL  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  USAC.DAT 

APC  HEAT  AND  MATERIAL  BALANCE  PROGRAM  VERSION  6.0 


BASE  CONDITIONS  AND  INCOMING  GAS  CONDITIONS 


ATMOSPHERIC  PRESSURE  (IN.  H20)  406.80 
BASE  TEMPERATURE  (DEG  F)  60.00 
INLET  GAS  PRESSURE  (IN.  H20)  404.80 
INLET  GAS  TEMPERATURE  (DEG  F)  1600.00 


PARTICULATE  STANDARD  INFORMATION 


PARTICULATE  STANDARD  BASIS  02 
PARTICULATE  STANDARD  BASIS  CONCENTRATION  (%)  7.00 
PARTICULATE  STANDARD  BASIS  CONDITION  DSCF 
PARTICULATE  STANDARD  TEMPERATURE  (DEG  F)  68.00 


UNIT  NO  APC  DEVICE 


RECEIVER 


1  PART.  QUENCH 

2  BAGHOUSE 

3  ID  FAN 

4  STACK 


QUENCH  SUMP 
DUSTCOLLECT 


APC  DEVICE  INFORMATION 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

RECYCLE  FLOW  (GPM) 

.00 

.00 

.00 

.00 

RECYCLE  FLOW  (LB/HR) 

o 

o 

o 

o 

o 

o 

o 

o 

OUTLET  PRESSURE  (IN.  H20) 

403.80 

383.80 

407.80 

406.80 

APC  HEAT  LOSS  (MM  BTU/HR) 

o 

o 

o 

o 

o 

o 

o 

o 

PERCENT  REMOVAL  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

ASH 

o 

o 

99.00 

.00 

o 

o 

METAL  SALTS 

o 

o 

99.00 

.00 

o 

o 

ALKALI  SALTS 

o 

o 

99.00 

.00 

o 

o 

RECEIVER 

DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

REC. 

EXISTENCE 

NO 

YES 

NO 

NO 

REC. 

PURGE  DESTINATION 

0 

0 

0 

0 

REC. 

PURGE  TARGET 

DIS 

DIS 

DIS 

DIS 

REC. 

SS  REMOVAL  EFFICIENCY 

.00 

.00 

.00 

.00 

REC- 

HEAT  LOSS  (MM  BTU/HR) 

o 

o 

o 

o 

.00 

o 

o 

MAKEUP  STREAM  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

MAKEUP 

OPTION 

APC 

APC 

REC 

REC 

MAKEUP 

FLOW 

(GPM) 

3.10 

.00 

.00 

.00 

MAKEUP 

TDS 

(MG/L) 

200.00 

.00 

.00 

.00 

MAKEUP 

TSS 

(MG/L) 

.00 

.00 

.00 

.00 

MAKEUP 

TEMP. 

(DEG  F) 

60.00 

60.00 

60.00 

60.00 

JOB  NO:  322243 
CLIENT:  USAC 


JOB  DESC:  CIRC  BED  COMBUSTOR,  1.5  GPM  RED  WATER  FLOW,  NORMAL  CASE  10/20/94  15:32 

ENGINEER:  SLM  DATA  FILE:  USAC.DAT 


NEUTRALIZATION  STREAM  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

NEUT.  OPTION 

APC 

APC 

REC 

REC 

NEUT.  REAGENT  NAME 

NAOH 

NAOH 

NAOH 

NAOH 

NEUT.  REAG.  TEMP.  (DEG  F) 

60.00 

60.00 

60.00 

60.00 

NEUT.  REAG.  CONC.  (%) 

23.00 

23.00 

20.00 

20,00 

STOICHIOMETRIC  RATIO 

1.00 

1.00 

1.00 

o 

o 

OPERATIONAL  LIMITS  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

MIN.  GAS  OUT.  TEMP.  (DEG 

F) 

0. 

0. 

0. 

0. 

PURGE  TDS  CONCENTRATION 

(%) 

0. 

0. 

0. 

0. 

PURGE  TSS  CONCENTRATION 

(%) 

0. 

0. 

0. 

0. 

PURGE  ACID  CONCENTRATION 

(%) 

0. 

0. 

.0. 

0. 

OTHER  GAS  DATA 


GAS  1 


NAME  OF  OTHER  GAS  ATM  AIR 

FEED  RATE  (LB/HR)  775.00 

TEMPERATURE  (DEG  F)  60.00 

INPUT  CODE  2. 

DESTINATION  UNIT  NUMBER  1. 


OTHER  GAS  COMP.  DATA  (LB/HR) 

H20 

N2 

02 


GAS  1 

7.75 

589.39 

177.86 
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JOB  NO:  322243  JOB  DESC:  CIRC  BED  COMBUSTOR,  1.5  GPM  RED  WATER  FLOW,  NORMAL  CASE  10/20/94  15:32  PAGE  8 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  USAC.DAT 


UNIT  1  PART.  QUENCH 

**  MASS  AND  ENERGY  IN  **  LB-MOLES/HR  LBS/HR  BTU/LB  MM  BTU/HR  CONCENTRATION 


350  GAS  FROM  CIRC.  BED/CYCLONE:  1600.0  DEG  F,  404.8  IN.  W.C. 


H20 

63.816 

1149.704 

1833.457 

2.108 

.282 

LB  H20/LB  DRY  GAS 

C02 

13.278 

584.365 

407.805 

.238 

9.713 

%  DRY  GAS  VOL 

CO 

.001 

.037 

411.485 

.000 

9.714 

PPM  DRY  GAS  VOL 

N2 

116,406 

3261.218 

406.902 

1.327 

85.152 

%  DRY  GAS  VOL 

N02 

.016 

.756 

376.359 

.000 

120.233 

PPM  DRY  GAS  VOL 

02 

6.835 

218.726 

377.212 

.083 

5.000 

%  DRY  GAS  VOL 

S02 

.167 

10.719 

286.955 

.003 

1223.945 

PPM  DRY  GAS  VOL 

METAL  SALTS 

.033 

3.308 

415.800 

.001 

.385 

GR  DSCF  a  7.0  %  02 

ALKALI  SALTS 

.558 

55.755 

415.800 

.023 

6.483 

GR  DSCF  a  7.0  %  02 

TOTAL  FLUE  GAS 

201.110 

5284.588 

3.784 

6.868 

GR  DSCF  a  7.0  %  02 

738  ATM  AIR:  60.0  DEGF 

H20 

.430 

7.750 

1059.900 

.008 

.010 

LB  H20/LB  DRY  GAS 

N2 

21.038 

589.387 

.000 

.000 

79.101 

%  DRY  GAS  VOL 

02 

5.558 

177.863 

.000 

.000 

20.899 

%  DRY  GAS  VOL 

TOTAL  GAS 

27.026 

775.000 

.008 

.000 

GR  DSCF  a  7.0  %  02 

651  MAKEUP  WATER:  60.0  DEG  F 

H20 

85.982 

1549.051 

.000 

.000 

TDS 

.003 

.310 

36.000 

.000 

TOTAL  MAKEUP 

85.985 

1549.361 

.000 

OVERALL  TOTAL 

314.121 

7608.949 

3.792 

**  MASS  AND  ENERGY 

OUT  **  LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

650 

GAS  TO  BAGKOUSE: 

439.2  DEG  F,  403.8  IN,  W.C. 

H20 

150.228 

2706.505 

1233.052 

3.337 

.559 

LB  H20/LB  DRY  GAS 

C02 

13.278 

584.365 

84.275 

.049 

8.131 

%  DRY  GAS  VOL 

CO 

.001 

.037 

95.078 

.000 

8.132 

PPM  DRY  GAS  VOL 

N2 

137.443 

3850.605 

94.716 

-365 

84.166 

%  DRY  GAS  VOL 

N02 

.016 

.756 

78.743 

.000 

100.651 

PPM  DRY  GAS  VOL 

02 

12.393 

396.588 

85.425 

.034 

7.589 

%  DRY  GAS  VOL 

S02 

*  “  .167 

10.719 

61.120 

.001 

1024.607 

PPM  DRY  GAS  VOL 

METAL  SALTS 

.033 

3.308 

102.384 

.000 

.384 

GR  DSCF  a  7.0  %  02 

ALKALI  SALTS 

.558 

55.755 

102.384 

.006 

6.475 

GR  DSCF  a  7.0  %  02 

TOTAL  FLUE  GAS 

314.118 

7608.639 

3.792 

6.859 

GR  DSCF  a  7.0  %  02 

655 

PURGE  FROM  PART. 

QUENCH:  439.2  DEG  F 

ALKALI  SALTS 

.003 

.310 

102.384 

.000 

100.00000 

WT  % 

TOTAL  PURGE 

.003 

.310 

.000 

.00000 

WT  %  TSS 

OVERALL  TOTAL 

314.121 

7608.949 

3.792 

DRY  GAS  TOTAL 

163.890 

4902.134 

.455 

10/20/94  15:32 
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JOB  NO:  322243  JOB  DESC:  CIRC  BED  COMBUSTOR,  1.5  GPM  RED  WATER  FLOW,  NORMAL  CASE 


CLIENT:  USAC  ENGINEER:  SLM 


UNIT  2  BAGHOUSE 


**  MASS  AND  ENERGY  IN  ** 

LB-MOLES/HR 

LBS/HR 

650  GAS  FROM  PART.  QUENCH:  439.2 

DEG  F,  403.8  IN. 

W.C. 

H20 

150.228 

2706.505 

C02 

13.278 

584.365 

CO 

.001 

.037 

N2 

137.443 

3850.605 

N02 

.016 

.756 

02 

12.393 

396.588 

S02 

.167 

10.719 

METAL  SALTS 

.033 

3.308 

ALKALI  SALTS 

.558 

55.755 

TOTAL  FLUE  GAS 

314.118 

7608.639 

OVERALL  TOTAL 

314.118 

7608.639 

**  MASS  AND  ENERGY  OUT  ** 

LB’MOLES/HR 

LBS/HR 

661  GAS  TO  ID  FAN:  439.2  DEG  F, 

383.8  IN.  U.C. 

H20 

150.228 

2706.505 

C02 

13.278 

584.365 

CO 

.001 

.037 

N2 

137.443 

3850.605 

N02 

.016 

.756 

02 

12.393 

396.588 

S02 

.167 

10.719 

METAL  SALTS 

.000 

.033 

ALKALI  SALTS 

.006 

CO 

in 

in 

TOTAL  FLUE  GAS 

313.533 

7550.166 

OVERALL  TOTAL 

313.533 

7550.166 

DRY  GAS  TOTAL 

163.305 

4843.661 

DATA  FILE:  USAC.DAT 


BTU/LB 

MM  BTU/HR 

CONCENTRATION 

1233.052 

3.337 

.559 

LB  H20/LB  DRY  GAS 

84.275 

.049 

8.131 

%  DRY  GAS  VOL 

95.078 

.000 

8.132 

PPM  DRY  GAS  VOL 

94.716 

.365 

84.166 

%  DRY  GAS  VOL 

78.743 

,000 

100.651 

PPM  DRY  GAS  VOL 

85.425 

,034 

7.589 

%  DRY  GAS  VOL 

61.120 

.001 

1024.607 

PPM  DRY  GAS  VOL 

102.384 

.000 

.384 

GR  DSCF  a  7.0  %  02 

102.384 

-006 

6.475 

GR  DSCF  a  7.0  %  02 

3.792 

6.859 

GR  DSCF  a  7.0  %  02 

3.792 


BTU/LB 

MM  BTU/HR 

CONCENTRATION 

1233.052 

3.337 

.559 

LB  H20/LB  DRY  GAS 

84.275 

.049 

8-131 

%  DRY  GAS  VOL 

95.078 

.000 

8-132 

PPM  DRY  GAS  VOL 

94.716 

.365 

84.166 

%  DRY  GAS  VOL 

78.743 

.000 

100.651 

PPM  DRY  GAS  VOL 

85.425 

-034 

7.589 

%  DRY  GAS  VOL 

61.120 

.001 

1024.607 

PPM  DRY  GAS  VOL 

102.384 

.000 

.004 

GR  DSCF  a  7.0  %  02 

102.384 

.000 

.065 

GR  DSCF  a  7.0  %  02 

3.786 

.069 

GR  DSCF  a  7.0  %  02 

3.786 

-449 


JOB  NO:  322243  JOB  OESC:  CIRC  BED  COMBUSTOR,  1.5  GPM  RED  WATER  FLOW,  NORMAL  CASE  10/20/94  15:32  PAGE  10 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  USAC.DAT 


UNIT  2  DUSTCOLLECT 


**  MASS  AND  ENERGY  IN  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

OVERALL  TOTAL 

.000 

.000 

.000 

**  MASS  AND  ENERGY  OUT  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

666  PURGE  FROM  DUSTCOLLECT: 

439.2  DEG  F 

METAL  SALTS 

.033 

3.275 

102.384 

.000 

5.60101  WT  %  SS 

ALKALI  SALTS 

.552 

55.197 

102.384 

.006 

94.39899  WT  % 

TOTAL  PURGE 

.585 

58.472 

.006 

5.60101  WT  %  TSS 

OVERALL  TOTAL 

.585 

58.472 

.006 

JOB  NO:  322243  JOB  DESC:  CIRC  BED  COMBUSTOR,  1.5  GPM  RED  WATER  FLOW,  NORMAL  CASE  10/20/94  15:32  PAGE  11 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  USAC.DAT 

UNIT  3  ID  FAN 


**  MASS  AND  ENERGY  IN  ** 

LB-MOLES/HR 

LBS/KR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

661  GAS  FROM  BAGHOUSE:  439.2  DEG 

F,  383.8  IN. 

W.C. 

H20 

150.228 

2706.505 

1233.052 

3.337 

.559 

LB  H20/LB  DRY  GAS 

C02 

13.278 

584.365 

84.275 

.049 

8.131 

%  DRY  GAS  VOL 

CO 

.001 

.037 

95.078 

.000 

8.132 

PPM  DRY  GAS  VOL 

N2 

137.443 

3850.605 

94.716 

.365 

84.166 

%  DRY  GAS  VOL 

N02 

.016 

.756 

78.743 

.000 

100-651 

PPM  DRY  GAS  VOL 

02 

12.393 

396.588 

85.425 

.034 

7.589 

%  DRY  GAS  VOL 

S02 

.167 

10.719 

61.120 

.001 

1024.607 

PPM  DRY  GAS  VOL 

METAL  SALTS 

.000 

.033 

102.384 

.000 

.004 

GR  DSCF  a  7.0  %  02 

ALKALI  SALTS 

.006 

.558 

102.384 

.000 

.065 

GR  DSCF  a  7.0  %  02 

TOTAL  FLUE  GAS 

313.533 

7550.166 

3.786 

.069 

GR  DSCF  a  7.0  %  02 

682  HEAT  OF  COMPRESSION 

.043 

OVERALL  TOTAL 

313.533 

7550.166 

3.829 

**  MASS  AND  ENERGY  OUT  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

672  GAS  TO  STACK:  456.4  DEG  F, 

407.8  IN.  W.C. 

H20 

150.228 

2706.505 

1241.152 

3-359 

.559 

LB  H20/LB  DRY  GAS 

C02 

13.278 

584.365 

88.465 

.052 

8.131 

%  DRY  GAS  VOL 

CO 

.001 

.037 

99.467 

.000 

8.132 

PPM  DRY  GAS  VOL 

N2 

137.443 

3850.605 

99.071 

.381 

84.166 

%  DRY  GAS  VOL 

N02 

.016 

.756 

82.624 

.000 

100.651 

PPM  DRY  GAS  VOL 

02 

12.393 

396.588 

89.437 

.035 

7.589 

%  DRY  GAS  VOL 

S02 

.167 

10.719 

64.123 

.001 

1024.607 

PPM  DRY  GAS  VOL 

METAL  SALTS 

.000 

.033 

107.040 

.000 

.004 

GR  DSCF  a  7.0  %  02 

ALKALI  SALTS 

.006 

CO 

m 

m 

107.040 

.000 

.065 

GR  DSCF  a  7.0  %  02 

TOTAL  FLUE  GAS 

313.533 

7550.166 

3.829 

.069 

GR  DSCF  a  7.0  %  02 

OVERALL  TOTAL 

313.533 

7550.166 

3.829 

DRY  GAS  TOTAL 

163.305 

4843.661 

.469 

10/20/94  15:32 
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JOB  NO:  322243  JOB  DESC:  CIRC  BED  COMBUSTOR,  1.5  GPM  RED  WATER  FLOW,  NORMAL  CASE 


CLIENT:  USAC  ENGINEER:  SLM 


UNIT  4  STACK 


**  MASS  AND  ENERGY 

IN  ** 

LB-MOLES/HR 

LBS/HR 

672  GAS  FROM  ID  FAN: 

456.4  DEG  F, 

407.8  IN.  W.C. 

H20 

150.228 

2706.505 

C02 

13.278 

584.365 

CO 

.001 

.037 

N2 

137.443 

3850.605 

N02 

.016 

.756 

02 

12.393 

396.588 

S02 

.167 

10.719 

METAL  SALTS 

.000 

.033 

ALKALI  SALTS 

.006 

.558 

TOTAL  FLUE  GAS 

313.533 

7550.166 

OVERALL  TOTAL 

. 

313.533 

7550.166 

**  MASS  AND  ENERGY  OUT  ** 

LB-MOLES/HR 

LBS/HR 

683  GAS  TO  ATMOSPHERE:  456.4  DEG 

F,  406.8  IN. 

W.C. 

H20 

150.228 

2706.505 

C02 

13.278 

584.365 

CO 

.001 

.037 

N2 

137.443 

3850.605 

N02 

.016 

.756 

02 

12.393 

396.588 

S02 

.167 

10.719 

METAL  SALTS 

.000 

.033 

ALKALI  SALTS 

.006 

.558 

TOTAL  FLUE  GAS 

313.533 

7550.166 

OVERALL  TOTAL 

313.533 

7550.166 

DRY  GAS  TOTAL 

163.305 

4843.661 

DATA  FILE:  USAC.DAT 


BTU/LB 

MM  BTU/HR 

CONCENTRATION 

1241.152 

3.359 

.559 

LB  H20/LB  DRY  GAS 

88.465 

.052 

8.131 

%  DRY  GAS  VOL 

99.467 

.000 

8.132 

PPM  DRY  GAS  VOL 

99.071 

.381 

84.166 

%  DRY  GAS  VOL 

82.624 

.000 

100.651 

PPM  DRY  GAS  VOL 

89.437 

.035 

7.589 

%  DRY  GAS  VOL 

64.123 

.001 

1024.607 

PPM  DRY  GAS  VOL 

107.040 

.000 

.004 

GR  DSCF  a  7.0  %  02 

107.040 

.000 

.065 

GR  DSCF  a  7.0  %  02 

3.829 

.069 

GR  DSCF  a  7.0  %  02 

3.829 


BTU/LB 

MM  BTU/HR 

CONCENTRATION 

1241.152 

3.359 

.559 

LB  H20/LB  DRY  GAS 

88.465 

.052 

8.131 

%  DRY  GAS  VOL 

99.467 

o 

o 

o 

8.132 

PPM  DRY  GAS  VOL 

99.071 

.381 

84.166 

%  DRY  GAS  VOL 

82.624 

.000 

100.651 

PPM  DRY  GAS  VOL 

89.437 

.035 

7.589 

%  DRY  GAS  VOL 

64.123 

.001 

1024.607 

PPM  DRY  GAS  VOL 

107.040 

.000 

o 

o 

GR  DSCF  a  7.0  %  02 

107.040 

.000 

.065 

GR  DSCF  a  7.0  %  02 

3.829 

.069 

GR  DSCF  a  7.0  %  02 

3.829 

.469 


JOB  MO:  322243  JOB  DESC:  CIRC  BED  COMBUSTOR,  1.5  GPM  RED  WATER  FLOW,  NORMAL  CASE  10/20/94  15:32  PAGE  13 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  USAC.DAT 

GAS  FLOW  SUMMARY  AT  APC  DEVICE  OUTLET 


UNIT  NO 

STREAM 

TEMPERATURE 

(DEG  F) 

PRESSURE 

(IN.  U.C.) 

FLOW 

(ACFM) 

DRY  GAS 

(SCFM) 

1 

PART.  QUENCH 

439.2 

403.8 

3455.493 

1048.758 

2 

BAGKOUSE 

439.2 

383.8 

3635.560 

1048.758 

3 

ID  FAN 

456-4 

407.8 

3487.233 

1048.758 

A 

STACK 

456.4 

406.8 

3495.805 

1048.758 

JOB  NO:  322243 

JOB  DESC:  CIRC  BED 

COMBUSTOR,  1.5  GPM 

RED  WATER 

FLOW,  NORMAL  CASE 

10/20/94 

15:32  PAGE 

CLIENT:  USAC 

ENGINEER:  SLM 

DATA  FILE:  USAC, 

.DAT 

LIQUID  FLOW  SUMMARY 

MAKEUP  STREAMS  TO: 

FLOW 

H20 

TEMP 

D.S. 

S.S. 

(GAL/MIN) 

(LB/HR) 

(DEG  F) 

(LB/HR) 

(LB/HR) 

PART.  QUENCH 

3.100 

1549.051 

60.000 

.310 

.000 

TOTAL 

3.100 

1549.051 

.310 

.000 

DISCHARGE  PURGE: 

TEMP 

H20 

ORGANIC 

D.S. 

S.S. 

ACIDS 

ORIGINATION  SUMP 

(DEG  F) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

PART.  QUENCH 

439.201 

.000 

.000 

.310 

.000 

.000 

BAGHOUSE 

439.201 

-000 

.000 

55.197 

3.275 

.000 

TOTAL  PURGE 

.000 

.000 

.000 

55.507 

3.275 

.000 

JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE  9/  9/94  11:30 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  1300.DAT 

HEAT  AND  MATERIAL  BALANCE  PROGRAM  VERSION  6.0 


UNIT  NO  COMBUSTION  DEVICE 


1  CIRC.  BED/CYCLONE 


COMBUSTION  MODULE 
OPERATING  CONDITIONS 


EXIT  GAS  TEMPERATURE  (F) 

EXIT  SOLID  TEMPERATURE  (F) 

PRESSURE  DROP  (IN.W.C.) 

OUT  PRESSURE  (IN.  W.C.) 

RADIATION  HEAT  LOSS 

HEAT  LOSS  UNIT 

HEAT  INPUT  (MM  BTU/HR) 

EXCESS  AIR  (%)  FOR  OXIDIZED  WASTE 
MINIMUM  XS  AIR  (%)  FOR  OXIDIZED  WASTE 
MINIMUM  02  (%)  IN  EXIT  GAS 
AIR  TEMPERATURE  TO  BURNER  (F) 

AIR  HUMIDITY  (LB  H20/LB  DRY  AIR) 
EXCESS  AIR  FOR  AUX  FUEL  (%) 

NAME  OF  AUXILIARY  FUEL 
QUENCH  CODE  (1  AIR, 2  H20) 

QUENCH  H20  TEMPERATURE  TO  BURNER  (F) 
ASH  IN  EXIT  (%) 

MSALT  IN  EXIT  (%) 

ASALT  IN  EXIT  (%) 

FIXED  CARBON  IN  EXIT  (%) 

C0/C02  COMBUSTION  EFFICIENCY  (%) 

FUEL  N02  EFFICIENCY  (%) 

ASH  MODULE  CONDITIONS 


EXIT  STEAM  DESTINATION 
HEAT  LOSS  (MM  BTU/HR) 

SOLID  EXIT  TEMPERATURE  (F) 

QUENCH  WATER  (GPM) 

MOISTURE  IN  WET  ASH  (%) 

QUENCH  H20  MAKEUP  TEMPERATURE  (F) 
QUENCH  H20  TSS  (mg/l) 

QUENCH  H20  TDS  (mg/l) 


BASE  CONDITIONS 


ATM  PRES  (IN.  H20):  406.800 

BASE  TEMP  (F):  60.000 

TOTAL  NUMBER  OF  FUELS:  5 


UNIT  1 


1300.000 
1300.000 
.050 
406.750 
.630 
MM  BTU/HR 
.000 
52.307 
.000 
7.700 
60.000 
.010 
.000 
NAT  GAS 
1 

.000 

6.000 

100.000 

100.000 

.000 

99.990 

2.500 


ATMOSPHERE 

.000 

.000 

.000 

.000 

60.000 

.000 

.000 


SPECIFIC 

(BTU/LB- 

HEAT 

•F) 

MOLECULAR  WEIGHT 

(LB/LB-MOLE) 

ASH 

.270 

100.000 

MSALT 

.270 

100.000 

ASALT 

.270 

100.000 

FIXED  CARBON 

.220 

12.011 

INERT 

.270 

100-000 

PYRO  GAS 

.500 

100.000 

PAGE  1 


JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE  9/  9/94  11:30 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  1300-DAT 


FUEL  TO:  CIRC.  BED/CYCLONE  (PER  HOUR) 


250 


251 


★*★**★*★*★★**★*★★*★***♦★★***★*★***★*★  COMPONENT  FLOW  TO  FURNACE  ************************************** 


H2 


02 


N2 


H20 


CL2 


FUEL  NAME 


NAT  GAS 


PERCENT 

73.928 

24.431 

.891 

.750 

POUNDS 

30.956 

10.230 

.373 

.314 

LB -MOLE 

2.577 

5.074 

CM 

O 

.011 

NAT  GAS 

PERCENT 

73.928 

24.431 

.891 

.750 

POUNDS 

14.786 

4.886 

.178 

.150 

LB-MOLE 

1.231 

2.424 

.006 

.005 

TOT  FUEL 

POUNDS 

45.741 

15.116 

.551 

.464 

LB-MOLE 

3.808  • 

7.498 

.017 

.017 

o 

o 

o 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

o 

o 

o 

.000 

.000 

.000 

.000 

.000 

.000 

.000 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE  9/  9/94  11:30 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  1300.DAT 


FUEL  TO:  CIRC.  BED/CYCLONE  (PER  HOUR)  (CONTINUED) 


250 


251 


FUEL  NAME  ♦ 

^**********«‘« 

**  COMPONENT 

FLOW  TO  FURNACE  ' 

SI 

BR2 

F2 

ASH 

MSALT 

ASALT 

F.CARB 

INERTS 

NAT  GAS 

PERCENT 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

POUNDS 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

LB-MOLE 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

NAT  GAS 

PERCENT 

.000 

.000 

-000 

.000 

.000 

.000 

.000 

.000 

POUNDS 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

LB-MOLE 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

TOT  FUEL 

POUNDS 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

LB-MOLE 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  1300.DAT 


UNIT  1  CIRC.  BED/CYCLONE 


***  MASS  AND 

FUELS: 

ENERGY  IN  *** 

USE  CODE 

TEMP  DEG  F 

LB/HR 

BTU/LB 

MM  BTU/HR 

%  OF  TOTAL 

HEAT  DUTY 

250 

NAT  GAS 

OXD 

60.00 

41.873 

21800.000 

.913 

66.843081 

251 

NAT  GAS 

OXD 

60.00 

20.000 

21800.000 

.436 

31 .926784 

351 

COMBUSTION  AIR 

02 

60.00 

367.521 

.000 

.000 

.000000 

N2 

60.00 

1217.442 

.000 

.000 

.000000 

H20 

60.00 

15.850 

1059.900 

.017 

1.230135 

OVERALL  TOTAL 

1662.686 

1.366 

100.000000 

***  MASS  AND  ENERGY 

OUT  *** 

350 

COMBUSTION  GAS  OUT  * 

1300.00  DEG  F  ,  406.8 

IN.  W.C. 

LB-MOLES/HR 

LB/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

H20 

8.378 

150.935 

1666.941 

.252 

.100 

LB  H20/LB  DRY  GAS 

C02 

3.808 

167.590 

318.044 

.053 

7.434 

%  GAS  VOL  (DRY) 

CO 

.000 

,011 

326.009 

.000 

7.434 

PPMV  (DRY) 

N2 

43.471 

1217.895 

322.641 

-393 

84.864 

%  GAS  VOL  (DRY) 

N02 

.001 

.038 

294.719 

.000 

16.168 

PPMV  (DRY) 

02 

3.944 

126.218 

298.849 

.038 

7.700 

%  GAS  VOL  (DRY) 

TOTAL  COMBUSTION  GAS 

59.603 

1662.686 

442.404 

.736 

353 

HEAT  LOSS 

.630 

TOTAL  HEAT  RELEASED 

1.366 

354 

CO  He  AVAILABLE 

4343.600 

.000 

OVERALL  TOTAL 

59.603 

1662.686 

1.366 

TOTAL  DRY  GAS 

51.225 

1511.751 

.484 

JOB  NO:  322243  JOB  DESC: 

CLIENT:  USAC 


COMBUSTION  AIR  SUMMARY 
OPERATING  CONDITIONS 


TEMPERATURE  (F) 
PRESSURE  (IN.  W.C.) 
FLOW  (ACFM) 


AIR  (DRY)  TOTAL  (LB/HR) 

AIR  (DRY)  THEORETICAL  (LB/HR) 
AIR  (DRY)  TOT-THEO  (LB/HR) 
EXCESS  AIR  (%) 


TOTAL  02  (LB/HR) 
THEO.  02  (LB/HR) 
TOT-THEO.  02  (LB/HR) 


TOTAL  N2  (LB/HR) 
THEO.  N2  (LB/HR) 
TOT-THEO.  N2  (LB/HR) 


COMBUSTION  GAS  SUMMARY 


TEMPERATURE  (F) 
PRESSURE  (IN.  W.C.) 
FLOW  (ACFM) 


CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE  9/  9/94  11:30  PAGE  5 

ENGINEER:  SLM  DATA  FILE:  1300.DAT 


UNIT  1 


60.000 

406.800 

347.494 


1584.964 

1040.639 

544.324 

52.307 


367.521 

241.303 

126.218 


1217.442 

799.336 

418.106 


UNIT  1 


1300.000 

406.750 

1276.618 


JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE  9/  9/94  11:32  PAGE  6 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  1300.DAT 

APC  HEAT  AND  MATERIAL  BALANCE  PROGRAM  VERSION  6.0 


BASE  CONDITIONS  AND  INCOMING  GAS  CONDITIONS 


PARTICULATE  STANDARD  INFORMATION 


ATMOSPHERIC  PRESSURE  (IN.  H20)  406.80 
BASE  TEMPERATURE  (DEG  F)  60.00 
INLET  GAS  PRESSURE  (IN.  H20)  406.75 
INLET  GAS  TEMPERATURE  (DEG  F)  1300.00 


PARTICULATE  STANDARD  BASIS  02 
PARTICULATE  STANDARD  BASIS  CONCENTRATION  (%)  7.00 
PARTICULATE  STANDARD  BASIS  CONDITION  DSCF 
PARTICULATE  STANDARD  TEMPERATURE  (DEG  F)  68.00 


UNIT  NO  APC  DEVICE 


RECEIVER 


1  PART.  QUENCH 

2  BAGHOUSE 

3  ID  FAN 

4  STACK 


QUENCH  SUMP 
DUSTCOLLECT 


APC  DEVICE  INFORMATION 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

RECYCLE  FLOW  (GPM) 

o 

o 

.00 

.00 

.00 

RECYCLE  FLOW  (LB/HR) 

o 

o 

o 

o 

.00 

.00 

OUTLET  PRESSURE  (IN-  H20) 

405.75 

385.75 

415.80 

414.80 

APC  HEAT  LOSS  (MM  BTU/HR) 

o 

o 

.00 

.00 

o 

o 

PERCENT  REMOVAL  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

ASH 

-00 

99.00 

.00 

o 

o 

METAL  SALTS 

o 

o 

99.00 

o 

o 

o 

o 

ALKALI  SALTS 

.00 

99.00 

.00 

-00 

RECEIVER  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

REC.  EXISTENCE 

NO 

YES 

NO 

NO 

REC.  PURGE  DESTINATION 

0 

0 

0 

0 

REC.  PURGE  TARGET 

DIS 

DIS 

DIS 

DIS 

REC.  SS  REMOVAL  EFFICIENCY 

.00 

.00 

.00 

.00 

REC.  HEAT  LOSS  (MM  BTU/HR) 

o 

o 

o 

o 

o 

o 

o 

o 

MAKEUP  STREAM  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

MAKEUP  OPTION 

APC 

APC 

REC 

REC 

MAKEUP  FLOW 

(GPM) 

.65 

o 

o 

o 

o 

o 

o 

MAKEUP  TDS 

(MG/L) 

200.00 

o 

o 

o 

o 

o 

o 

MAKEUP  TSS 

(MG/L) 

.00 

.00 

o 

o 

o 

o 

MAKEUP  TEMP. 

(DEG  F) 

60.00 

60.00 

60.00 

60.00 

JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE  9/  9/94  11:32 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  1300.DAT 


NEUTRALIZATION  STREAM  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

NEUT.  OPTION 

APC 

APC 

REC 

REC 

NEUT.  REAGENT  NAME 

NAOH 

NAOH 

NAOH 

NAOH 

NEUT.  REAG.  TEMP.  (DEG  F) 

60.00 

60.00 

60.00 

60.00 

NEUT.  REAG.  CONC.  (%) 

23.00 

23.00 

20.00 

20.00 

STOICHIOMETRIC  RATIO 

1.00 

1.00 

o 

o 

1.00 

OPERATIONAL  LIMITS  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

MIN.  GAS  OUT.  TEMP.  (DEG 

F) 

0. 

0. 

0. 

0. 

PURGE  TDS  CONCENTRATION 

(%) 

0. 

0. 

0. 

0. 

PURGE  TSS  CONCENTRATION 

(%) 

0. 

0. 

0. 

0. 

PURGE  ACID  CONCENTRATION 

(%) 

0. 

0. 

-0. 

0. 

OTHER  GAS  DATA 

GAS  1 

NAME  OF  OTHER  GAS 

ATM  AIR 

FEED  RATE  (LB/HR) 

163.00 

TEMPERATURE  (DEG  F) 

60.00 

INPUT  CODE 

2. 

DESTINATION  UNIT  NUMBER 

1. 

OTHER  GAS  COMP.  DATA  (LB/HR) 

GAS  1 

H20 

N2 

02 


1.63 

123.96 

37.41 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE  9/  9/94  11:32  PAGE  8 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  1300.DAT 


UNIT  1  PART.  QUENCH 


**  MASS  AND  ENERGY  IN  ** 

LB-MOLES/HR 

LBS/KR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

350  GAS  FROM  CIRC.  BED/CYCLONE: 

1300.0  DEG  F, 

406.8  IN.  U.C. 

H20 

8.378 

150.935 

1666.941 

.252 

.100 

LB  H20/LB  DRY  GAS 

C02 

3.808 

167.590 

318.044 

.053 

7,434 

%  DRY  GAS  VOL 

CO 

.000 

.011 

326.009 

-000 

7.434 

PPM  DRY  GAS  VOL 

N2 

43.471 

1217.895 

322.641 

.393 

84.864 

%  DRY  GAS  VOL 

N02 

.001 

.038 

294.719 

.000 

16.168 

PPM  DRY  GAS  VOL 

02 

3.944 

126.218 

298.849 

.038 

7.700 

%  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

59.603 

1662.686 

.736 

.000 

GR  DSCF  a  7.0  %  02 

738  ATM  AIR:  60.0  DEG  F 

H20 

.090 

1.630 

1059.900 

.002 

.010 

LB  H20/LB  DRY  GAS 

N2 

4.425 

123.962 

.000 

.000 

79.101 

%  DRY  GAS  VOL 

02 

1.169 

37.409 

.000 

.000 

20.899 

%  DRY  GAS  VOL 

TOTAL  GAS 

5.684 

163.000 

.002 

.000 

GR  DSCF  a  7.0  %  02 

651  MAKEUP  WATER:  60.0  DEG  F 

H20 

18.028 

324.801 

.000 

.000 

TDS 

.001 

.065 

36-000 

.000 

TOTAL  MAKEUP 

18.029 

324.866 

.000 

OVERALL  TOTAL 

83.316 

2150.552 

.737 

**  MASS  AND  ENERGY  OUT  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

650  GAS  TO  BAGHOUSE:  429.0  DEG  F, 

405.8  IN.  W.C. 

H20 

26.497 

477.366 

1228.285 

.586 

.285 

LB  H20/LB  DRY  GAS 

C02 

3.808 

167.590 

81.816 

.014 

6.702 

%  DRY  GAS  VOL 

CO 

.000 

.011 

92.493 

.000 

6.703 

PPM  DRY  GAS  VOL 

N2 

47.896 

1341.856 

92.151 

.124 

84.297 

%  DRY  GAS  VOL 

N02 

.001 

.038 

76.465 

.000 

14.576 

PPM  DRY  GAS  VOL 

02 

5.113 

163.626 

83.064 

-014 

8.999 

%  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

83.315 

2150.487 

.737 

.000 

GR  DSCF  a  7.0  %  ( 

655  PURGE  FROM  PART.  QUENCH: 
ALKALI  SALTS 
TOTAL  PURGE 


,429.0  DEG  F 


.001 

.001 


.065 

.065 


99.639 


.000  100.00000  WT  % 

.000  .00000  WT  %  TSS 


OVERALL  TOTAL 
DRY  GAS  TOTAL 


83.316  2150.552 

56.819  1673.121 


.737 

.151 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  1300.DAT 


UNIT  2  BAGHOUSE 


**  MASS  AND  ENERGY  IN  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

650  GAS  FROM  PART.  QUENCH:  429.0 

DEG  F,  405.8 

IN.  U.C. 

H20 

26.497 

477.366 

1228.285 

.586 

.285 

LB  H20/LB  DRY  GAS 

C02 

3.808 

167.590 

81.816 

.014 

6.702 

%  DRY  GAS  VOL 

CO 

.000 

.011 

92.493 

.000 

6.703 

PPM  DRY  GAS  VOL 

N2 

47.896 

1341.856 

92.151 

.124 

84.297 

%  DRY  GAS  VOL 

N02 

.001 

.038 

76.465 

.000 

14.576 

PPM  DRY  GAS  VOL 

02 

5.113 

163.626 

83.064 

.014 

8.999 

%  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

83.315 

2150.487 

.737 

.000 

GR  DSCF  a  7.0  %  02 

OVERALL  TOTAL 

83.315 

2150.487 

.737 

**  MASS  AND  ENERGY  OUT  ♦♦ 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

661  GAS  TO  ID  FAN:  429.0  DEG  F, 

385.8  IN.  W.C. 

H20 

26.497 

477.366 

1228.285 

.586 

.285 

LB  H20/LB  DRY  GAS 

C02 

3.808 

167.590 

81.816 

.014 

6.702 

%  DRY  GAS  VOL 

CO 

.000 

.011 

92.493 

.000 

6.703 

PPM  DRY  GAS  VOL 

N2 

47.896 

1341.856 

92.151 

.124 

84.297 

%  DRY  GAS  VOL 

N02 

.001 

.038 

76,465 

.000 

14.576 

PPM  DRY  GAS  VOL 

02 

5.113 

163.626 

83.064 

.014 

8.999 

%  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

83-315 

2150.487 

.737 

.000 

GR  DSCF  a  7.0  %  02 

OVERALL  TOTAL 

83.315 

2150.487 

.737 

DRY  GAS  TOTAL 

56.819 

1673.121 

.151 

9/  9/94  11:32 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  1300.DAT 

UNIT  2  DUSTCOLLECT 


**  MASS  AND  ENERGY  IN  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

OVERALL  TOTAL 

,000 

.000 

.000 

**  MASS  AMD  ENERGY  OUT  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

OVERALL  TOTAL 


000 


000 


000 


JOB  NO:  322243 

JOB  DESC:  CIRCULATING  BED  COMBUSTOR, 

1300  F,  START 

-UP  CASE 

9/  9/94  11:32  PAGE 

CLIENT:  USAC 

ENGINEER:  SLM 

DATA  FILE:  1300 

.DAT 

UNIT  3  ID  FAN 

**  MASS  AND  ENERGY  IN 

**  LB-MOLES/HR 

LBS/KR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

661  GAS  FROM  BAGHOUSE: 

429.0  DEG  F,  385.8  IN. 

U.C. 

H20 

26.497 

477.366 

1228.285 

.586 

.285 

LB  H20/LB  DRY  GAS 

C02 

3.808 

167.590 

81.816 

.014 

6.702 

%  DRY  GAS  VOL 

CO 

.000 

.011 

92.493 

.000 

6.703 

PPM  DRY  GAS  VOL 

N2 

47.896 

1341.856 

92.151 

.124 

84.297 

%  DRY  GAS  VOL 

N02 

.001 

.038 

76.465 

.000 

14.576 

PPM  DRY  GAS  VOL 

02 

5.113 

163.626 

83.064 

.014 

8.999 

%  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

83.315 

2150.487 

-737 

.000 

GR  DSCF  a  7.0  %  02 

682  HEAT  OF  COMPRESSION 

.014 

OVERALL  TOTAL 

83.315 

2150.487 

.751 

**  MASS  AND  ENERGY  OUT  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

672  GAS  TO  STACK:  450.7  DEG  F, 

415.8  IN.  W.C. 

H20 

26.497 

477.366 

1238.474 

.591 

.285 

LB  H20/LB  DRY  GAS 

C02 

3.808 

167.590 

87.078 

.015 

6.702 

%  DRY  GAS  VOL 

CO 

.000 

.011 

98.016 

.000 

6.703 

PPM  DRY  GAS  VOL 

N2 

47.896 

1341.856 

97.632 

.131 

84,297 

%  DRY  GAS  VOL 

N02 

.001 

.038 

81 .339 

.000 

14.576 

PPM  DRY  GAS  VOL 

02 

5.113 

163.626 

88.110 

.014 

8.999 

%  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

83.315 

2150.487 

.751 

.000 

GR  DSCF  a  7.0  %  02 

OVERALL  TOTAL 

83.315 

2150.487 

.751' 

DRY  GAS  TOTAL 

56.819 

1673-121 

.160 

JOB  NO:  322243 

JOB  DESC:  CIRCULATING  BED  COMBUSTOR, 

1300  F,  START- 

•UP  CASE 

9/  9/94  11:32  PAGE 

CLIENT:  USAC 

ENGINEER:  SLM 

DATA  FILE: 

1300.DAT 

UNIT  4  STACK 

**  MASS  AND  ENERGY 

IN  **  LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

672  GAS  FROM  ID  FAN: 

450.7  DEG  F,  415.8  IN.  U, 

X. 

H20 

26.497 

477.366 

1238.474 

.591 

.285 

LB  H20/LB  DRY  GAS 

C02 

3.808 

167.590 

87.078 

.015 

6.702 

%  DRY  GAS  VOL 

CO 

.000 

.011 

98.016 

.000 

6.703 

PPM  DRY  GAS  VOL 

N2 

47.896 

1341 .856 

97.632 

.131 

84.297 

%  DRY  GAS  VOL 

N02 

.001 

.038 

81 .339 

.000 

14.576 

PPM  DRY  GAS  VOL 

02 

5.113 

163.626 

88.110 

.014 

8.999 

%  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

83.315 

2150.487 

.751 

o 

o 

o 

GR  DSCF  a  7.0  %  02 

OVERALL  TOTAL 

83.315 

2150.487 

.751 

**  MASS  AND  ENERGY  OUT  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

683  GAS  TO  ATMOSPHERE:  450.7  DEG 

F,  414.8  IN. 

U.C. 

H20 

26.497 

477.366 

1238.474 

.591 

.285 

LB  H20/LB  DRY  GAS 

C02 

3.808 

167.590 

87.078 

.015 

6.702 

%  DRY  GAS  VOL 

CO 

.000 

.011 

98.016 

.000 

6.703 

PPM  DRY  GAS  VOL 

N2 

47.896 

1341.856 

97.632 

.131 

84.297 

%  DRY  GAS  VOL 

N02 

.001 

.038 

81.339 

.000 

14.576 

PPM  DRY  GAS  VOL 

02 

5.113 

163.626 

88.110 

.014 

8.999 

%  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

83.315 

2150.487 

.751 

.000 

GR  DSCF  a  7.0  %  02 

OVERALL  TOTAL 

83.315 

2150.487 

.751 

DRY  GAS  TOTAL 

56.819 

1673.121 

-160 

9/  9/94  11:32 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  1300  F,  START-UP  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  1300.DAT 

GAS  FLOW  SUMMARY  AT  APC  DEVICE  OUTLET 


UNIT  NO 

STREAM 

TEMPERATURE 

(DEG  F) 

PRESSURE 

(IN.  W.C.) 

FLOW 

(ACFM) 

DRY  GAS 

(SCFM) 

1 

PART.  QUENCH 

429.0 

405.8 

903.496 

364.906 

2 

BAGHOUSE 

429.0 

385.8 

950.339 

364.906 

3 

ID  FAN 

450.7 

415.8 

903.201 

364.906 

4 

STACK 

450.7 

414.8 

905.379 

364.906 

JOB  NO:  322243 

JOB  DESC:  CIRCULATING 

BED  COMBUSTOR, 

1300  F,  START-UP  CASE 

9/  9/94 

11:32  PAGE 

CLIENT:  USAC 

ENGINEER:  SLM 

DATA  FILE: 

1300.DAT 

LIQUID  FLOW  SUMMARY 

MAKEUP  STREAMS  TO: 

FLOW 

H20 

TEMP 

D.S. 

S.S. 

(GAL/MIN) 

(LB/HR) 

(DEG  F) 

(LB/HR) 

(LB/HR) 

PART.  QUENCH 

.650 

324.801 

60.000 

.065 

.000 

TOTAL 

.650 

324.801 

.065 

.000 

DISCHARGE  PURGE: 

TEMP 

H20 

ORGANIC 

D.S. 

S.S. 

ACIDS 

ORIGINATION  SUMP 

(DEG  F) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

PART.  QUENCH 

429.032 

.000 

.000 

.065 

.000 

.000 

TOTAL  PURGE 

.000 

.000 

.000 

.065 

.000 

.000 

JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE  9/  9/94  11:38 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  IOLE.DAT 

HEAT  AND  MATERIAL  BALANCE  PROGRAM  VERSION  6.0 

SPECIFIC  HEAT  MOLECULAR  WEIGHT 

UNIT  NO  COMBUSTION  DEVICE  BASE  CONDITIONS  (BTU/LB-F)  (LB/LB-MOLE) 


1  CIRC.  BED/CYCLONE 


COMBUSTION  MODULE 
OPERATING  CONDITIONS 


ATM  PRES  (IN.  H20): 

406.800 

ASH 

.270 

100.000 

BASE  TEMP  (F): 

60.000 

MSALT 

.270 

100.000 

TOTAL  NUMBER  OF  FUELS: 

5 

ASALT 

.270 

100.000 

FIXED  CARBON 

.220 

12.011 

INERT 

.270 

100.000 

PYRO  GAS 

.500 

100.000 

UNIT  1 


EXIT  GAS  TEMPERATURE  (F)  600.000 

EXIT  SOLID  TEMPERATURE  (F)  600.000 

PRESSURE  DROP  (IN.U.C.)  .050 

OUT  PRESSURE  (IN.  W.C.)  406.750 

RADIATION  HEAT  LOSS  •  .630 

HEAT  LOSS  UNIT  MM  BTU/HR 

HEAT  INPUT  (MM  BTU/HR)  .000 

EXCESS  AIR  {%)  FOR  OXIDIZED  WASTE  216.376 

MINIMUM  XS  AIR  (%)  FOR  OXIDIZED  WASTE  .000 

MINIMUM  02  (%)  IN  EXIT  GAS  50.000 

AIR  TEMPERATURE  TO  BURNER  (F)  60.000 

AIR  HUMIDITY  (LB  H20/LB  DRY  AIR)  .010 

EXCESS  AIR  FOR  AUX  FUEL  (%)  .000 

NAME  OF  AUXILIARY  FUEL  NAT  GAS 

QUENCH  CODE  (1  AIR, 2  H20)  1 

QUENCH  H20  TEMPERATURE  TO  BURNER  (F)  .000 

ASH  IN  EXIT  (%)  6.000 

MSALT  IN  EXIT  (%)  100.000 

ASALT  IN  EXIT  {%)  100.000 

FIXED  CARBON  IN  EXIT  (%)  .000 

C0/C02  COMBUSTION  EFFICIENCY  (%)  99.990 

FUEL  N02  EFFICIENCY  (%)  2.500 


ASH  MODULE  CONDITIONS 


EXIT  STEAM  DESTINATION  ATMOSPHERE 

HEAT  LOSS  (MM  BTU/HR)  .000 

SOLID  EXIT  TEMPERATURE  '(F)  .000 

QUENCH  WATER  (GPH)  .000 

MOISTURE  IN  WET  ASH  (%)  .000 

QUENCH  H20  MAKEUP  TEMPERATURE  (F)  60.000 

QUENCH  H20  TSS  (mg/l)  .000 

QUENCH  H20  TDS  (mg/l)  .000 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE 

CLIENT:  USAC.  ENGINEER:  SLM  DATA  FILE:  IDLE.DAT 


FUEL  TO:  CIRC.  BED/CYCLONE  (PER  HOUR) 


FUEL  NAME  ***’*f***********^*’*f****************^**  COMPONENT  FLOW  TO  FURNACE  ************************************** 


C 

H2 

02 

N2 

H20 

CL2 

s 

P 

NAT  GAS 

PERCENT 

73.928 

24.431 

.891 

.750 

.000 

.000 

.000 

.000 

POUNDS 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

LB-HOLE 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

NAT  GAS 

PERCENT 

73.928 

24.431 

.891 

.750 

.000 

.000 

.000 

.000 

POUNDS 

39.182 

12.948 

-472 

.398 

.000 

.000 

.000 

.000 

LB-MOLE 

3.262 

6.423 

.015 

.014 

.000 

.000 

.000 

.000 

TOT  FUEL 

POUNDS 

39.182 

12.948 

,472 

.398 

.000 

.000 

.000 

.000 

LB-MOLE 

3.262. 

6.423 

.015 

.014 

.000 

.000 

.000 

.000 

JOB  MO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE  9/  9/94  11:38 

CLIENT:  USAC  ENGINEER:  SLH  DATA  FILE:  IDLE.DAT 


FUEL  TO:  CIRC.  BED/CYCLONE  (PER  HOUR)  (CONTINUED) 


FUEL  NAME  *************************************  COMPONENT  FLOW  TO  FURNACE  ************************************** 


SI 

BR2 

F2 

ASH 

MSALT 

ASALT 

F.CARB 

INERTS 

NAT  GAS 

PERCENT 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

POUNDS 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

LB-MOLE 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

NAT  GAS 

PERCENT 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

POUNDS 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

LB-MOLE 

.000 

.000 

.000 

.000 

.000 

-000 

.000 

.000 

TOT  FUEL 

POUNDS 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

LB-MOLE 

.000 

o 

o 

o 

.000 

.000 

o 

o 

o 

.000 

,000 

.000 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE 


CLIENT:  USAC 

UNIT  1  CIRC.  BED/CYCLONE 

***  MASS  AND  ENERGY  IN  *** 

ENGINEER:  SLM 

DATA  FILE:  IDLE.DAT 

X  OF  TOTAL 

FUELS: 

USE  CODE  TEMP  DEG  F 

LB/HR 

BTU/LB 

MM  BTU/HR 

HEAT  DUTY 

251  NAT  GAS 

OXD  60.00 

53.000 

21800.000 

1.155 

97.478146 

351  COMBUSTION  AIR 

02 

60.00 

653.948 

.000 

.000 

.000000 

N2 

60.00 

2166.253 

.000 

.000 

,000000 

H20 

60.00 

28.202 

1059.900 

.030 

2.521854 

==-===== — 

OVERALL  TOTAL 

2901.404 

1.185 

100.000000 

***  MASS  AND  ENERGY 

OUT  *** 

350  COMBUSTION  GAS  OUT 

600.00  DEG  F  ,  406.8 

IN.  W.C. 

LB-MOLES/HR 

LB/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

H20 

7.988 

143.916 

1309.449 

.188 

.052  LB  H20/LB  DRY  GAS 

C02 

3.262 

143.557 

124.339 

.018 

3.449  %  GAS  VOL  (DRY) 

CO 

.000 

.009 

136.334 

.000 

3.449  PPMV  (DRY) 

N2 

77.336 

2166.641 

135.602 

.294 

81.772  %  GAS  VOL  (DRY) 

N02 

.001 

.033 

115.821 

.000 

7.501  PPMV  (DRY) 

02 

13.977 

447.249 

123.298 

.055 

14.778  %  GAS  VOL  (DRY) 

TOTAL  COMBUSTION  GAS 

102.563 

2901.404 

191.373 

.555 

353  HEAT  LOSS 

.630 

TOTAL  HEAT  RELEASED 

1.185 

354  CO  He  AVAILABLE 

4343.600 

.000 

- 

OVERALL  TOTAL 

102.563 

2901.404 

1.185 

TOTAL  DRY  GAS 

94.575 

2757.488 

.367 

9/  9/94  11:38 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE 

CLIENT:  USAC  ENGINEER:  SLH  DATA  FILE;  IDLE.DAT 


COMBUSTION  AIR  SUtWARY 

OPERATING  CONDITIONS  UNIT  1 


TEMPERATURE  (F)  60.000 
PRESSURE  (IN.  U.C.)  406.800 
FLOW  (ACFM)  618.312 


AIR  (DRY)  TOTAL  (LB/HR)  2820.202 
AIR  (DRY)  THEORETICAL  (LB/HR)  891.408 
AIR  (DRY)  TOT-THEO  (LB/HR)  1928.793 
EXCESS  AIR  (%)  216.376 

TOTAL  02  (LB/HR)  653.948 
THEO.  02  (LB/HR)  206.700 
TOT-THEO.  02  (LB/HR)  447.249 

TOTAL  N2  (LB/HR)  2166.253 
THEO.  N2  (LB/HR)  684.709 
TOT-THEO.  N2  (LB/HR)  1481.545 


COMBUSTION  GAS  SUMMARY 


UNIT  1 


TEMPERATURE  (F) 
PRESSURE  (IN.  U.C.) 
FLOW  (ACFM) 


600.000 

406.750 

1322.916 


JOB  MO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE  9/  9/94  11:39 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  IDLE.DAT 

APC  HEAT  AND  MATERIAL  BALANCE  PROGRAM  VERSION  6.0 


BASE  CONDITIONS  AND  INCOMING  GAS  CONDITIONS 


ATMOSPHERIC  PRESSURE  (IN.  H20)  406.80 
BASE  TEMPERATURE  (DEG  F)  60.00 
INLET  GAS  PRESSURE  (IN.  H20)  406.75 
INLET  GAS  TEMPERATURE  (DEG  F)  600.00 


PARTICULATE  STANDARD  INFORMATION 


PARTICULATE  STANDARD  BASIS  02 
PARTICULATE  STANDARD  BASIS  CONCENTRATION  (%)  7.00 
PARTICULATE  STANDARD  BASIS  CONDITION  DSCF 
PARTICULATE  STANDARD  TEMPERATURE  (DEG  F)  68.00 


UNIT  NO  APC  DEVICE  RECEIVER 


1 

PART.  QUENCH 

QUENCH  SUMP 

2 

BAGHOUSE 

DUSTCOLLECT 

3 

ID  FAN 

4 

STACK 

APC  DEVICE  INFORMATION 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

RECYCLE  FLOW  (GPM) 

.00 

.00 

.00 

.00 

RECYCLE  FLOW  (LB/HR) 

o 

o 

o 

o 

o 

o 

o 

o 

OUTLET  PRESSURE  (IN.  H20) 

405,75 

385.75 

415.80 

414.80 

APC  HEAT  LOSS  (MM  BTU/HR) 

o 

o 

o 

o 

o 

o 

o 

o 

PERCENT  REMOVAL  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

ASH 

o 

o 

• 

99.00 

o 

o 

-00 

METAL  SALTS 

o 

o 

99.00 

o 

o 

o 

o 

ALKALI  SALTS 

o 

o 

99.00 

-00 

o 

o 

RECEIVER 

DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

REC. 

EXISTENCE 

NO 

YES 

NO 

NO 

REC. 

PURGE  DESTINATION 

0 

0 

0 

0 

REC. 

PURGE  TARGET 

DIS 

DIS 

DIS 

DIS 

REC. 

SS  REMOVAL  EFFICIENCY 

o 

o 

.00 

o 

o 

o 

o 

REC. 

HEAT  LOSS  (MM  BTU/HR) 

o 

o 

o 

o 

o 

o 

.00 

MAKEUP  STREAM  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

MAKEUP  OPTION 

APC 

APC 

REC 

REC 

MAKEUP  FLOW  (GPM) 

.20 

.00 

.00 

.00 

MAKEUP  TDS  (MG/L) 

200.00 

.00 

o 

o 

.00 

MAKEUP  TSS  (MG/L) 

.00 

.00 

.00 

.00 

MAKEUP  TEMP.  (DEG  F) 

60.00 

60.00 

60.00 

60.00 
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JOB  NO:  322243 
CLIENT:  USAC 


JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F, 
ENGINEER:  SLH 


HOT  IDLE  CASE 

DATA  FILE: 


9/  9/94 

IDLE. OAT 


11:39 


NEUTRALIZATION  STREAM  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

NEUT.  OPTION 

APC 

APC 

REC 

REC 

NEUT.  REAGENT  NAME 

NAOH 

NAOH 

NAOH 

NAOH 

NEUT.  REAG.  TEMP.  (DEG  F) 

60.00 

60.00 

60.00 

60.00 

NEUT.  REAG.  CONC.  (%) 

23.00 

23.00 

20.00 

20.00 

STOICHIOMETRIC  RATIO 

1.00 

1.00 

1.00 

1.00 

OPERATIONAL  LIMITS  DATA 

UNIT  1 

UNIT  2 

UNIT  3 

UNIT  4 

MIN.  GAS  OUT.  TEMP.  (DEG  F) 

0. 

0. 

0. 

0. 

PURGE  TDS  CONCENTRATION 

(%) 

0. 

0. 

0. 

0. 

PURGE  TSS  CONCENTRATION 

(%) 

0. 

0. 

0. 

0. 

PURGE  ACID  CONCENTRATION 

(%) 

0. 

0. 

.  0. 

0. 

OTHER  GAS  DATA  GAS  1 


NAME  OF  OTHER  GAS  ATM  AIR 

FEED  RATE  (LB/HR)  50.00 

TEMPERATURE  (DEG  F)  60.00 

INPUT  CODE  2. 

DESTINATION  UNIT  NUMBER  1. 

OTHER  GAS  COMP.  DATA  (LB/HR)  GAS  1 


H20  .50 
N2  38.03 
02  11.48 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE 


CLIENT:  USAC  ENGINEER:  SLM 


UNIT  1  PART.  OUENCH 


**  MASS  AND  ENERGY  IN  ** 

LB-MOLES/HR 

LBS/HR 

350  GAS  FROM  CIRC.  BED/CYCLONE: 

600.0  DEG  F, 

406.8  IN.  W.C 

H20 

7.988 

143.916 

C02 

3.262 

143.557 

CO 

-000 

.009 

N2 

77.336 

2166.641 

N02 

o 

o 

.033 

02 

13.977 

447.249 

TOTAL  FLUE  GAS 

102.563 

2901.404 

738  ATM  AIR:  60.0  DEG  F 

H20 

.028 

.500 

N2 

1.357 

38.025 

02 

.359 

11.475 

TOTAL  GAS 

1.744 

50.000 

651  MAKEUP  WATER:  60.0  DEG  F 

H20 

5.547 

99.939 

TOS 

.000 

.020 

TOTAL  MAKEUP 

5.547 

99.959 

OVERALL  TOTAL 

109.854 

3051.362 

**  MASS  AND  ENERGY 

OUT  ** 

LB-MOLES/HR 

LBS/HR 

650 

GAS  TO  BAGHOUSE: 

432.3  DEG  F,  405.8  IN.  W.C. 

H20 

13-563 

244.355 

C02 

3.262 

143.557 

CO 

.000 

.009 

N2 

78.693 

2204.666 

N02 

.001 

.033 

02 

14.335 

458.724 

TOTAL  FLUE  GAS 

109.854 

3051.342 

655 

PURGE  FROM  PART. 

QUENCH: 

432.3  DEG  F 

ALKALI  SALTS 

.000 

.020 

TOTAL  PURGE 

.000 

.020 

OVERALL  TOTAL 

109.854 

3051.362 

DRY  GAS  TOTAL 

96.291 

2806.988 

DATA  FILE:  IDLE.DAT 


BTU/LB 

MM  BTU/HR 

CONCENTRATION 

1309.449 

.188 

.052 

LB  H20/LB  DRY  GAS 

124.339 

.018 

3.449 

%  DRY  GAS  VOL 

136.334 

.000 

3.449 

PPM  DRY  GAS  VOL 

135.602 

.294 

81.772 

%  DRY  GAS  VOL 

115.821 

.000 

7.501 

PPM  DRY  GAS  VOL 

123.298 

.055 

14.778 

%  DRY  GAS  VOL 

.555 

.000 

GR  DSCF  a  7.0  %  02 

1059.900 

.001 

.010 

LB  H20/L6  DRY  GAS 

.000 

o 

o 

o 

79.101 

%  DRY  GAS  VOL 

.000 

.000 

20.899 

%  DRY  GAS  VOL 

.001 

.000 

GR  DSCF  a  7.0  %  02 

.000 

.000 

36.000 

,000 

.000 

.556 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

1229.803 

.301 

.087 

LB  H20/LB  DRY  GAS 

82.599 

.012 

3.387 

%  DRY  GAS  VOL 

93.316 

.000 

3.388 

PPM  DRY  GAS  VOL 

92.968 

.205 

81.724 

%  DRY  GAS  VOL 

77.190 

.000 

7.367 

PPM  DRY  GAS  VOL 

83.815 

.038 

14.887 

%  DRY  GAS  VOL 

.556 

.000 

GR  DSCF  a  7.0  %  02 

100.513 

.000 

100.00000 

WT  % 

.000 

.00000 

WT  X  TSS 

.556 

.255 

JOB  NO:  322243 
CLIENT:  USAC 


JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE  9/  9/94  11:39  PAGE  9 

ENGINEER:  SLM  DATA  FILE:  IDLE.DAT 


UNIT  2  BAGHOUSE 


**  MASS  AND  ENERGY  IN  •* 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

650  GAS  FROM  PART. 

QUENCH:  432.3  DEG  F,  405.8  IN. 

W.C. 

H20 

13.563 

244.355 

1229.803 

.301 

.087 

LB  H20/LB  DRY  GAS 

C02 

3.262 

143.557 

82.599 

.012 

3.387 

%  DRY  GAS  VOL 

CO 

.000 

.009 

93.316 

.000 

3.388 

PPM  DRY  GAS  VOL 

N2 

78.693 

2204.666 

92.968 

.205 

81.724 

y.  DRY  GAS  VOL 

N02 

.001 

.033 

77.190 

.000 

7.367 

PPM  DRY  CAS  VOL 

02 

14.335 

458.724 

83.815 

.038 

14.887 

%  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

109.854 

3051.342 

.556 

.000 

GR  DSCF  a  7.0  %  02 

OVERALL  TOTAL 

109.854 

3051.342 

.556 

**  MASS  AND  ENERGY  OUT  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

661  GAS  TO  ID  FAN: 

432.3  DEG  F, 

385.8  IN.  U.C. 

H20 

13.563 

244.355 

1229.803 

.301 

.087 

LB  H20/LB  DRY  GAS 

C02 

3.262 

143.557 

82.599 

.012 

3.387 

%  DRY  GAS  VOL 

CO 

.000 

.009 

93.316 

.000 

3.388 

PPM  DRY  GAS  VOL 

N2 

78.693 

2204.666 

92.968 

.205 

81.724 

%  DRY  GAS  VOL 

N02 

.001 

.033 

77.190 

.000 

7.367 

PPM  DRY  GAS  VOL 

02 

14.335 

458.724 

83.815 

.038 

14.887 

%  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

109.854 

3051.342 

.556 

.000 

GR  DSCF  a  7.0  %  02 

OVERALL  TOTAL 

109.854 

3051.342 

.556 

DRY  GAS  TOTAL 

96.291 

2806.988 

.255 

JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE  9/  9/94  11:39  PAGE  10 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  IDLE.OAT 


UNIT  2  DUSTCOLLECT 

**  MASS  AND  ENERGY  IN  ** 

LB-MOLES/HR 

IBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

OVERALL  TOTAL 

.000 

.000 

.000 

**  MASS  AND  ENERGY  OUT  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

OVERALL  TOTAL 

.000 

.000 

.000 

JOB  NO:  322243 

JOB 

DESC:  CIRCULATING  BED  COMBUSTOR, 

600  F,  HOT  IDLE  CASE 

9/  9/94  11:39  PAGE 

CLIENT:  USAC 

ENGINEER:  SLM 

DATA  FILE:  IDLE 

.DAT 

UNIT  3  ID  FAN 

**  NASS  AND  ENERGY  IN 

** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

661  GAS  FROM  BAGHOUSE: 

432.3  DEG  F,  385.8  IN. 

U.C. 

H20 

13.563 

244.355 

1229.803 

.301 

.087 

LB  H20/LB  DRY  GAS 

C02 

3.262 

143.557 

82.599 

.012 

3.387 

%  DRY  GAS  VOL 

CO 

.000 

.009 

93.316 

.000 

3.388 

PPM  DRY  GAS  VOL 

N2 

78.693 

2204.666 

92.968 

.205 

81.724 

y.  DRY  GAS  VOL 

N02 

.001 

.033 

77.190 

.000 

7.367 

PPM  DRY  GAS  VOL 

02 

14.335 

458.724 

83.815 

.038 

14.887 

%  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

109.854 

3051.342 

.556 

.000 

GR  DSCF  a  7.0  X  02 

682  HEAT  OF  COMPRESSION 

.018 

OVERALL  TOTAL 

109.854 

3051.342 

.574 

**  MASS  AND  ENERGY  OUT 

Hit 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

672  GAS  TO  STACK:  455.0 

DEG  F, 

415.8  IN.  W.C. 

H20 

13.563 

244.355 

1240.451 

.303 

.087 

LB  H20/LB  DRY  GAS 

C02 

3.262 

143,557 

88.102 

.013 

3.387 

%  DRY  GAS  VOL 

CO 

.000 

.009 

99.086 

.000 

3.388 

PPM  DRY  GAS  VOL 

N2 

78.693 

2204.666 

98.694 

.218 

81.724 

%  DRY  GAS  VOL 

N02 

.001 

.033 

82.288 

.000 

7.367 

PPM  DRY  GAS  VOL 

02 

14-335 

458.724 

89.089 

.041 

14.887 

X  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

109-854 

3051.342 

.574 

.000 

GR  DSCF  S  7.0  X  02 

OVERALL  TOTAL 

109.854 

3051.342 

.574 

DRY  GAS  TOTAL 

96.291 

2806.988 

.271 

JOB  NO:  322243 

JOB  DESC:  CIRCULATING  BED  COHBUSTOR, 

600  F,  HOT  IDLE  CASE 

9/  9/94  11:39  PAGE 

CLIENT:  USAC 

ENGINEER:  SLM 

DATA  FILE:  IDLE 

.DAT 

UNIT  4  STACK 

**  MASS  AND  ENERGY 

IN  **  LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

672  GAS  FROM  ID  FAN: 

455.0  DEG  F,  415.8  IN.  W. 

.C. 

H20 

13.563 

244.355 

1240.451 

.303 

.087 

LB  H20/LB  DRY  GAS 

C02 

3.262 

143.557 

88.102 

.013 

3.387 

%  DRY  GAS  VOL 

CO 

.000 

.009 

99.086 

.000 

3.388 

PPM  DRY  GAS  VOL 

N2 

78.693 

2204.666 

98.694 

.218 

81.724 

%  DRY  GAS  VOL 

N02 

.001 

.033 

82.288 

.000 

7.367 

PPM  DRY  GAS  VOL 

02 

14.335 

458.724 

89.089 

.041 

14.887 

%  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

109.854 

3051.342 

.574 

.000 

GR  OSCF  a  7.0  %  02 

OVERALL  TOTAL 

109.854 

3051.342 

.574 

**  MASS  AND  ENERGY  OUT  ** 

LB-MOLES/HR 

LBS/HR 

BTU/LB 

MM  BTU/HR 

CONCENTRATION 

683  GAS  TO  ATMOSPHERE:  455.0  DEG 

F,  414.8  IN. 

U.C. 

H20 

13.563 

244.355 

1240.451 

.303 

.087 

LB  H20/LB  DRY  GAS 

C02 

3.262 

143.557 

88.102 

.013 

3.387 

%  DRY  GAS  VOL 

CO 

.000 

.009 

99.086 

.000 

3.388 

PPM  DRY  GAS  VOL 

N2 

78.693 

2204.666 

98.694 

.218 

81.724 

%  DRY  GAS  VOL 

N02 

.001 

.033 

82.288 

.000 

7.367 

PPM  DRY  GAS  VOL 

02 

14.335 

458.724 

89.089 

.041 

14.887 

%  DRY  GAS  VOL 

TOTAL  FLUE  GAS 

109.854 

3051.342 

.574 

.000 

GR  DSCF  a  7.0  %  02 

OVERALL  TOTAL 

109.854 

3051 .342 

.574 

DRY  GAS  TOTAL 

96.291 

2806.988 

.271 

9/  9/94  11:39 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  IDLE.DAT 


GAS  FLOW  SUMMARY  AT  APC  DEVICE  OUTLET 

TEMPERATURE 

UNIT  NO  STREAM  (DEG  F) 

1  PART.  QUENCH  432.3 

2  BAGHOUSE  432.3 

3  ID  FAN  455.0 

455.0 


PRESSURE 

(IN.  U.C.) 

FLOW 

(ACFM) 

DRY  GAS 

(SCFM) 

405.8 

1195.635 

618.411 

385.8 

1257.625 

618-411 

415.8 

1196.404 

618.411 

414.8 

1199.288 

618.411 

4 


STACK 


9/  9/94  11:39 
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JOB  NO:  322243  JOB  DESC:  CIRCULATING  BED  COMBUSTOR,  600  F,  HOT  IDLE  CASE 

CLIENT:  USAC  ENGINEER:  SLM  DATA  FILE:  IDLE.DAT 


LIQUID  FLOW  SUMMARY 


MAKEUP  STREAMS  TO: 

FLOW 

H20 

(GAL/MIN) 

(LB/HR) 

PART.  QUENCH 

.200 

99.939 

TOTAL 

.200 

99.939 

DISCHARGE  PURGE: 

TEMP 

H20 

ORIGINATION  SUMP 

(DEG  F) 

(LB/HR) 

PART.  QUENCH 

432.272 

.000 

TOTAL  PURGE 

.000 

.000 

TEMP 

D.S. 

s.s. 

(DEG  F) 

(LB/HR) 

(LB/HR) 

60.000 

.020 

.000 

.020 

.000 

ORGANIC 

D.S. 

S.S, 

ACIDS 

(LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 

.000 

.020 

.000 

.000 

,000 

.020 

.000 

.000 

CONCEPTUAL  DESIGN  AND  RELATED  DOCUMENTS 


13.0  PILOT  PLANT  COST  ESTIMATE 


U.S.  Army  Environmental  Center 
Red  WatCT  Treatment  Technology 
Test  Plan  and  Site  Preparation 
Aberdeen  Proving  Ground,  Maryland 


KNMSSSVWPlSSSVOl-liSSVDll^l 


COMPANY  NAME:  IT  Coipomiion 

PROJECT  NAME:  USAEC 

LOCATION:  Aberdeen  Proving  Ground,  Maryland 


PROGBCTNO:  3222© 
SPEC.  NO.: 

WP:  WP1585.13 


13.0  Pilot  Plant  Cost  Estimate 


The  pilot  plant  cost  estimate  includes  the  equipment  purchase  costs,  integration  costs, 
installation  costs,  process  and  detail  engineering  costs,  and  construction  advice  costs  (Table 
13-1).  The  summary  cost  sheets  for  each  of  these  items  are  attached.  Vendor  quotations  for 
major  equipment  are  included  in  this  chapter. 

This  cost  estimate  has  an  accuracy  of  plus  or  minus  20  percent  More  accurate  costs  can  be 
gathered  during  the  detail  design  phase. 


By:  PA  Pilot  Plant  Cost  Estimate  Area  No.: 

Checked:  PO  IT  PCE  Area  Name:  All  Areas 

Approved:  PA  Knoxville,  Tennessee 

Date:  01/12/95  Rev.  No.  (0)  (1) 


Page:  1  of  1 


Table  13-1 


Summary  of  CBC  Pilot  Plant  Price 


Item(s) 

Total  Price  ($) 

Total  Equipment 

$805,222 

Trailers 

$220,800 

Infrastructure 

$676,370 

Process  Engineering 

$51,875 

Detail  Design  Engineering 

$206,587 

Project  Management 

$144,855 

Construction  Advice 

$51,757 

TOTAL  BASE  PRICE 

$2,157,466 

Optional  Building  Price 

Building 

$122,400 

TOTAL 

$2,279,866 

KN/1585/WP1585.131A»/12/95/D0/El 


USAEC  Pilot  Plant  Cost  Estimate 


I  i«?ArP/PRr 

PROJECT  #  322423.002.03.005 
ESTIMATOR:  FHG  CHECKED:  PCL 

SCOPE  /PFD*s  &  P&  IP's  _  11/09/94 


USACE/CBC 

PROJECT  #  322423.002.03.005 
ESTIMATOR:  FHG  CHECKED:  PCL 

SCOPE  /PFD's  &  P&  iD*s _  11/09/94 
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DATE:11/D9y94 


U.S.  Army  Environmental  Center  -  CBC  Estimate 
PROJECT  MANAGEMENT  COST 


CLIENT:  USAEC 
PROPOSAL:  322423.002.03.005 


MANPOWER 


PROJECT  MGMT-CMC 


PROJECT  MANAGEMENT 


COST  &  SCHEDULING 


PROJECT  ADMINISTRATOR 


PROJECT  ENGINEER 


PROCUREMENT  /  EXPEDITING 


PROJECT  COORDINATOR _ 

DOCUMENT  CONTROUPRODUCTION 


ADMINISTRATION  /  SECRETARIAL 


PRODUCE  OPERATING  MANUALS 


AS-BUILT  DRAWINGS 


ESTIMATED 

HOURS 


DIRECT 


DIRECT  COST 


$41.00 


$35.00 


$33.00 


$30.00 


$30.00 


$24.00 

$24.00 


$8.00 


$24.00 


$24.00 1 


$1,640 


$11,200 


$1,320 


$3,000 


$4,800 


$4,800 


$3,840 


$1,920 


$1,280 


$3,840 


$39,560 


COMPUTER  USAGE 


EXPENSES 


TRAVEL  &  EXP-PRQJ  MGMT  &  ENG  (5  TRIPS) 


SOURCE  INSPECTION  -  DOMESTIC  (5  TRIPS) 


OFFICE  EXPENSES 


PROJECT  MANAGEMENT  EXPENSES 


DIRECT  COST 


LUMP  SUM  @  1 ,000/  TRIP 


LUMP  SUM  @  $1, 000/TRIP 


ESTIMATE 


$3,000 


$13,000 


TOTAL  PROJECT  MANAGEMENT  COST 


$54,7791 


Page:  8 


DATE:  11/09/94 


U.S.  Army  Environmental  Center  -  CBC  Estimate 

CONSTRUCTION  /  INSTALLATION  ADVICE 

CLIENT:  USAEC 
PROPOSAL:  322423.002.03.005 


Installation  &  Construction  Advice 


Men 

Hrs/Wk 

Wks/Mo 

Units 

Unit 

Cost 

Total 

Labor 

Total 

Other 

1 

40 

4.33 

2 

mos 

$35 

$12,124 

MEALS 

1 

2 

mos 

$1,050 

$2,100 

AIRFARE 

1 

2 

trips 

$1,800 

1 

2 

mos 

HBHHSI 

MISC. 

‘1 

2 

mos 

$12,124 

$10,800 

Page:  8 


USACE-CBC  PROJECT 
PROJECT  #  322243.002.03.005 
EQUIPMENT  COSTS 

SCOPE  PER  P  &ID  DWG  322243-20-11-001  REV  A,  322243-20-11-002  REV  A,  &  322243-50-11-001  REV  A 


ITEM 

NO. 

ITEM. 

QTY. 

UNIT 

MATERIAL 

LABOR 

LABOR 

OTHER 

TOTAL 

COSTS 

HOURS 

COSTS 

COSTS 

COSTS 

53 

TAHH-PANEL  MOUNT 

3 

EA 

$795 

12 

$300 

$1,095 

54 

TSHH-PANEL  MOUNT 

3 

EA 

$795 

12 

$300 

$1,095 

55 

TIC-PANEL  MOUNT 

4 

EA 

$1,060 

16 

$400 

$1,460 

56 

FAL-PANEL  MOUNT 

2 

EA 

$530 

8 

$200 

$730 

57 

FSL-PANEL  MOUNT 

1 

EA 

$265 

4 

$100 

$365 

58 

PAL-PANEL  MOUNT 

2 

EA 

$530 

8 

$200 

$730 

59 

PAHH-PANEL  MOUNT 

3 

EA 

$795 

12 

$300 

$1,095 

60 

PSHH-PANEL  MOUNT 

1 

EA 

$265 

4 

$100 

$365 

61 

BALL-PANEL  MOUNT 

1 

EA 

$285 

4 

$100 

$385 

62 

BSLL-PANEL  MOUNT 

1 

EA 

$285 

4 

$100 

$385 

63 

TALL-PANEL  MOUNT 

2 

EA 

$590 

8 

$200 

$790 

64 

TSLL-PANEL  MOUNT 

2 

EA 

$590 

8 

$200 

$790 

65 

TY-PANEL  MOUNT 

3 

EA 

$885 

12 

$300 

$1,185 

66 

TI's-PANEL  MOUNT 

5 

EA 

$1,275 

20 

$500 

$1,775 

67 

ISHH-PANEL  MOUNT 

1 

EA 

$255 

4 

$100 

$355 

68 

lAHH-PANEL  MOUNT 

1 

EA 

$265 

4 

$100 

$365 

69 

ll-PANEL  MOUNT 

1 

EA 

$235 

4 

$100 

$335 

70 

PSLL-PANEL  MOUNT 

2 

EA 

$510 

8 

$200 

j 

$710 

71 

PDIC-PANEL  MOUNT 

1 

EA 

$255 

4 

$100 

i 

$355 

72 

FIC-PANEL  MOUNT 

1 

EA 

$255 

4 

$100 

1 

$355 

73 

FY-PANEL  MOUNT 

1 

EA 

$255 

4 

$100 

$355 

74 

PDI-PANEL  MOUNT 

1 

EA 

$255 

4 

$100 

$355 

75 

FALL-PANELMOUNT 

4 

EA 

$1,020 

16 

$400 

$1,420 

76 

FSLL-PANEL  MOUNT 

3 

EA 

$765 

12 

$300 

$1,065 

77 

FR-PANEL  MOUNT 

3 

EA 

$765 

12 

$300 

$1,065 

78 

PAH-PANEL  MOUNT 

1 

EA 

$255 

4 

$100 

$355 

TOTAL-INSTRUMENTS 

242 

EA 

$49,825 

822 

$20,550 

$10,000 

$80,375 

WIRING  &  CABLE  TRAY 

1 

LS 

$15,150 

202 

$5,050 

$20,200 

TUBING  ALLOWANCE 

1 

LS 

$17,625 

282 

$7,050 

$24,675 

TOTAL  COSTS 

1 

LS 

$82,600 

1,306 

$32,650 

$10,000 

$125,250 

OVERHEAD  &  PROFIT 

$8,260 

$3,265 

$11,525 

@  10%  OF  LB'R  &  MATL 

TOTAL  PRICE 

$90,860 

$35,915 

$10,000 

$136,775 

PANEL  MTD  INSTRUM 

ENT  PR 

CES  REFLECT  COST  OF  PA 

NEL  IN  THEIR  PRICE  (APPORTIONED) 

^*4  IOC.  XM.XO  1 U .  cnunt-tiJ  r  ^CAIUH  UU  Itt-  INU;NfNUAVlUL-tItDi.D— WbJiri  Kbl 


POST  OFFICE  BOX  10707 
2IP37J3P-0707 


CHARLES  F.  SEXTON  COMPANY 

Mttuficturcrt'  Rapr6*«itt<ttvtf  -  MtchotictlE^UBpiMot 
SUITE  A,  «26  BAUM  DR. 

IMOXYIUt  TENNESSEE37919 
"SvratHm  Tmb»*«w  V«lkrSnE«  1930* 


TELEPHONE61WB.W91 
FACSIMILE  61.S.38S.9eF2 


RACSZMXXB  TRANSNZ88X0N 


Attn:  Piroze  QBsIigbtwala 
CoRpemy:  it 

Prom:  Charlie  Sexton 
Date;  9/l3/9« 

Page  1  of  1  (Including  this  page) 


References  Your  9/13  Pa« 


siff^io.°”  Spencer,  because  the  ratings  fit  them  better  than 
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INTERNATIONAL 

TECHNOLOGY 

CORPORATION 


RECORD  OF 


^  TELECOM 
□  MEETING 


Project  Name 


Number  Phase 


222(i  5  Co  z.  CA 


//' 


Other  Participants  —  Name/Location/Representing: 


Telephone  Number 


'mer 


Summary  (Decisions  &  Specific  Actions  Required  by  Named  Persons): 


_ : _  — 


_ 


Zip  Code 


ilATCl^ 


Ll^C-  Zi  - 


//Zc^ 


Distribution: 

Original  to  Protect  Pile 
Copy  to  Project  Manager 
Copy  to  Preparer 


□  Other  Distribution  (By  Preparer) 


PAGE 


—Lq?J— 


m 


INTERNATIONAL 

TECHNOLOGY 

CORPORATION 


// 


RECORD  OF 


Project  Name 


CALL  FRON*Cr  NAME; 
CALL  TO  □ 


CALLFROf^NAME; 


X  TELECOM 
O  MEETING 


Number  Phase  Task  Subtask 


<^>3  iOO<f 


Telephone  Number 

-  . 

Company  Name: 

173  >4/7 

Address: 

'TIJ^S>A  ~olC. 

City 

Summary  (Decisions  &  Specific  Actions  Required  by  Named  Persons): 


Z}p  Code 


Required  Action: 


Prepared  by  (Signature): 


Distribution: 

Original  to  Project  File 
Copy  to  Project  Manager 
Copy  to  Preparer 


□  Other  Distribution  (By  Preparer) 
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TECHNOLOGY 

CORPORATION 


RECORD  OF 


X  TELECOM 
□  MEETING 


Project  Name 


Number  | 

Phase 

m 

C02. 

Date  I 

Other  Participants  —  Name/Location/Representing: 


CALL  FROWCf  NAME  ^  ^  /  /_/  • 

CALL  TO  □ _ A  ^ 


Telephone  Number 


Company  Name: 


Address: 


City 
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14.0  Recommended  Tests  and  Analyses 


This  chapter  identified  tests  and  analyses  recommended  for  the  pilot  plant  test 

14.1  Circulating  Bed  Combustor  Unit 

The  following  tests  should  be  conducted  in  die  CBC  unit  to  optimize,  select,  and  evaluate 
various  parameters. 

•  Optimize  the  Bed  Depth.  The  bed  depth  should  be  varied  fiom  4  to  8  feet  in 
the  unit  and  the  differential  pressure  (DP)  across  the  CBC  measured  at  each  bed 
depth.  The  bed  depth  should  then  be  optimized  based  on  the  CBC  perfonnance 
(e.g.,  destruction/removal  efficiency  [DRE],  thermal  efficiency)  and  the 
differential  pressure  across  the  CBC. 

•  Select  the  Appropriate  Bed  Material.  Several  bed  materials  were  evaluated 
in  Chapter  3.0  primarily  from  the  agglomeration  and  heat  transfer  point  of  view. 
Different  materials  of  different  particle  size  distribution  (PSD)  should  be  tested 
in  the  CBC  unit  for  agglomeration  potential  and  heat  transfer.  Based  on  these 
tests,  the  final  bed  material  and  its  PSD  selection  should  be  made. 

•  Evaluate  the  Use  of  Limestone  as  a  Neutializing  Media.  SO^  generation 
for  the  red  water  combustion  at  16(X)®F  has  been  estimated  in  Chapter  3.0. 
However,  the  SO^^  genotition  rate  should  be  measured  at  full  load,  and  the 
effectiveness  of  limestone  to  neutralize  SO^^  (and,  if  necessary  HQ)  should  be 
evaluated.  If  limestone  perfonns  inadequately,  lime  slurry  injection  at  the  partial 
quench  should  be  considered  and  evaluated. 

•  Evaluate  Impact  of  Steam  in  Circulating  Bed.  At  a  peak  red  water  feed 
rate  of  1.5  gpm,  large  quantities  of  steam  will  be  generated.  The  steam  will 
travel  upwards  with  the  circulating  media  through  the  cyclone  and  then  to  the 
APCS.  The  impact  of  steam  on  the  circulating  media  should  be  assessed,  with 
special  attention  u>  particle  stickiness  and  agglomeration. 

•  Evaluate  System  Turn  Down  Capability.  The  ability  of  the  system  to 
operate  at  a  steady  state  should  be  evaluated  at  different  red  water  feed  rates. 

•  Evaluate  System  Performance.  At  maximum  red  water  feed  rate,  the  stack 
gases  should  be  sampled  and  analyzed  to  determine  the  DRE  of  the  nitrobodies; 
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particulate  HCl,  80,^,  and  emissions;  and  the  emission  rates  of  the  ten 
Resource  Conservation  and  Recovery  Act  (RCRA)  metals.  In  addition,  the 
cooled  ash  should  be  analyzed  for  nitrobodies,  salts,  and  the  ten  RCRA  metals. 

•  Finalize  Start~Up  Burner  Location.  Cunendy,  a  Vortex-type  start-up  burner 
is  located  at  the  bottom  of  the  CBC  to  preheat  the  combustion  air  entering  the 
bed.  However,  if  any  problems  arise  due  to  the  location  of  the  burner,  the 
burner  can  be  located  above  the  bed.  The  burner  location  should  be  finalized 
during  the  tests  based  on  the  burner  perftnmance  at  the  proposed  location. 

•  Determine  the  Optimum  Gas  Velocity  in  the  CBC.  The  gas  velocity  in 
the  CBC  is  key  for  proper  recirculation  of  the  bed  material  and  optimum 
performance  of  the  cyclone.  The  CBC  should  be  operated  at  different  velocities 
(10  to  25  feet/sec),  and  the  CBC/cyclone  performance  (e.g.,  carryover  and 
particulate  separation)  evaluated.  Based  on  these  results,  the  optimum  gas 
velocity  for  the  CBC  unit  can  be  determined. 

14.2  Hot  Cyclone  Unit.  This  section  discusses  issues  relating  to  cyclone/loop-seal 
performance. 


•  Evaluate  Cyclone/Loop-Seal  Performance: 

-  The  particulate  slip  from  the  cyclone  should  be  measured  at  various  inlet  gas 
velocities  (30  to  60  feet/sec)  and  DPs  to  determine  the  optimum  DP  across 
the  cyclone;  the  objective  is  to  minimize  particulate  slip. 

-  The  loop-seal  should  be  operated  at  various  loop-seal  purge  air  flow  rates  to 
determine  the  optimum  purge  rate  for  the  reliable  and  efficient  transfer  of  bed 
material  back  to  the  CBC. 

-  Percentage  of  theoretical  NO^  emissions  formed  is  determined  at  peak  red 
water  feed  rate.  Also,  the  stack  gases  are  observed  for  the  reddish-brown 
visual  emissions  of  high  concentration  of  NOj^. 

-  If  the  uncontrolled  emissions  are  unacceptable,  and  depending  on  the 
magnitude  of  the  emissions  and  the  required  removal  efficiencies,  a  deNOj^ 
system  should  be  tested.  Based  on  the  NO^  emission  requirements,  a  thermal 
deNO^  system  may  be  adequate.  Such  a  system  can  be  retrofitted  at  the  duct 
exiting  the  hot  cyclone.  NO,^  removal  efficiency  using  the  thermal  deNO^^ 
system  should  be  determined  at  the  peak  red  water  feed  rate. 
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14.3  Air  Pollution  Control  System 

The  APCS  consists  of  a  partial  quench,  baghouse,  ID.  fan,  stack,  and  CEM  system.  The 
mechanical  and  process  perfonnance  of  each  piece  of  the  equipment  at  peak  and  turn  down 
conditions  should  be  determined. 

•  Determine  the  Optimum  Air/Cloth  Ratio  In  the  Baghouse.  The  system 
is  designed  for  an  air-to-cloth  ratio  of  3:1  at  full  load  conditions.  The  baghouse 
performance  for  particulate  removal  should  be  determined  at  various  air-to-cloth 
ratios  ranging  from  1  to  3. 

•  Precoating  of  Bags  with  Lime.  The  baghouse  is  sized  and  designed  to 
remove  friable  particulates  and  fine  salt  particles  because  the  salts  can  be  sticky, 
especially  in  the  presence  of  high  moisture  in  the  flue  gas.  An  evaluation  should 
be  made  whether  a  lime  precoat  on  the  bags  will  improve  the  operational 
reliability. 
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15.0  Operations  and  Safety  Considerations 


15.1  introduction 

The  protection  of  woikers  and  environmental  health  and  safety  (H&S)  are  major  concerns 
during  project  implementation  and  cannot  be  compromised.  This  document  presents  a 
description  of  special  H&S  precautions  related  to  operating  and  sampling  a  CBC  for  the 
destruction  of  red  water  for  USAEC.  This  document  is  not  intended  to  serve  as  the  site 
health  and  safety  plan  (HASP). 

15.2  Regulations  and  Guideiines 

All  activities  conducted  during  the  incineration  of  red  water  must  be  in  compliance  with 
applicable  requirements  of  the  following  publications: 

•  29  Code  of  Federal  Regulations  (CFR)  1926,  Construction  Industry,  Occupa¬ 
tional  Safety  and  Health  Administration  (OSHA)  Safety  and  Health  Standards 

•  29  CFR  1910,  General  Industry  OSHA  Safety  and  Health  Standards 

•  29  CFR  1910.120,  OSHA  Final  Rule  dated  March  6,  1989,  "Hazardous  Waste 
Operations  and  Emergency  Response" 

•  National  Institute  of  Occupational  Safety  and  Health  (NIOSH)/OSHA/USCGAl.S 
Environmental  Protection  Agency  (EPA),  "Occupational  Safety  and  Health 
Guidance  Manual  for  Hazardous  Waste  Site  Activities,"  October  1985 

•  American  Conference  of  Governmental  Industrial  Hygienists  (ACGIH),  "Thresh¬ 
old  Limit  Values  and  Biological  Exposure  Indices,"  1989-1990,  or  most  current 
version 

•  U.S.  Department  of  Health  and  Human  Services  (DHHS),  "NIOSH  Sampling  and 
Analytical  Methods,"  DHHS  (NIOSH)  Publication  84-100 

•  American  National  Standards  Institute  (ANSI),  Practice  for  Respiratory  Protec¬ 
tion,  Z88.2,  1980 

•  ANSI,  Emergency  Eyewash  and  Shower  Equipment,  Z41.1,  1983 

•  ANSI,  Protective  Footwear,  Z358.1,  1981 
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•  ANSI  Physical  Qualifications  for  Respirator  Use,  Z88.6,  1984 

•  ANSI,  Practice  for  Occupational  and  Educational  Eye  and  Face  Protection, 

Z87.1,  1968. 

15.3  Hazani  Assessment 

This  section  discusses  the  hazards  that  are  anticipated  to  be  encountered  during  operation  of 
the  CBC  to  bum  red  water.  The  potential  hazards  associated  with  operation  of  the  CBC 
include  chemical  and  physical  hazards. 

15.3.1  Chemical  Hazards 

Potential  exists  for  personnel  to  come  into  contact  with  the  following  types  of  materials: 

•  Reactive  and  toxic  feed  materials 

•  Flammable  solvents  used  in  the  sampling  trains 

•  Toxic  and  corrosive  combustion  products. 

15.3.1.1  Feed  Materials 

The  feed  materials  during  routine  operations  is  red  water.  Red  water  is  the  aqueous  effluent 
generated  during  sellite  purification  of  crude  TNT.  The  characteristics  of  red  water  are 
presented  at  the  end  of  this  chapter. 

Explosion  Potential.  The  red  water  has  a  solids  heat  content  of  3,200  Btu/lb.  The  solids 
are  in  a  solution  that  is  85  percent  water,  which  makes  the  red  water  endothermic. 

CBCs  were  originally  designed  to  manage  materials  with  high  heat  content  for  enwgy 
production.  The  level  of  energy  in  the  red  water  will  not  be  dangerous  for  the  CBC. 
Additionally,  the  large  internal  volume  of  the  CBC  will  dissipate  any  pressure  shocks  that 
could  occur  from  uneven  combustion  of  the  red  water. 

Contaminated  Surfaces.  The  red  water  will  be  pumped  directly  to  the  CBC  feed  port.  In 
the  unlikely  event  that  red  water  is  spilled,  it  should  be  cleaned  up  using  wet  methods  and  not 
allowed  to  dry.  Dry  TNT  or  related  materials  can  explode  due  to  friction  or  spark. 
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15.3.1.2  Ash 

The  ash  from  the  CBC  will  be  a  fine  particulate  that  may  be  toxic.  It  is  unlikely  that 
explosive  materials  will  be  found  in  the  ash  to  present  a  physical  or  chemical  hazard. 

Toxicity  of  the  ash  will  be  due  to  the  presence  of  metals.  The  fine  particulate  will  be  a 
respiratory  hazard. 

Respiratory  Protection.  The  following  rules  will  be  adhered  to  by  all  site  personnel  when 
respiratory  protection  is  in  use: 

•  Only  properly  cleaned,  maintained,  NIOSH/Mine  Safety  and  Health  Administra¬ 
tion  (MSHA)-approved  respirators  will  be  used  on  site. 

•  Selection  of  respirators,  as  well  as  any  decisions  regarding  upgrading  or  down¬ 
grading  of  respiratory  protection,  will  be  made  by  the  site  H&S  officer  upon 
consultation  with  a  senior  health  and  safety  professional. 

•  Used  air-purifying  cartridges  will  be  replaced  at  the  end  of  each  shift  or  when 
load-up  or  breakthrough  occurs. 

•  Only  employees  who  have  had  pie-issued  qualitative  fit  tests  and  annual  fit  tests 
thereafter  will  be  allowed  to  woik  in  attnosphercs  where  respirators  are  required. 

•  If  an  employee  has  demonstrated  difficulty  in  breathing  during  the  fit  test  or 
during  use,  he/she  will  be  given  a  physical  examination  to  determine  whether  a 
respirator  can  be  worn  while  performing  the  required  duty. 

•  No  employee  will  be  assigned  tasks  requiring  the  use  of  respirators,  if  based 
upon  the  most  recent  examination,  a  physician  determines  that  the  employee  will 
be  unable  to  function  normally  wearing  a  respirator  or  that  the  health  of  the 
employee  will  be  impaired  by  use  of  a  respirator. 

•  Contact  lenses  are  not  to  be  worn  while  using  any  type  of  respiratory  protection. 

•  Excessive  facial  hair  (beards)  prohibits  proper  face  fit  and  effectiveness  of 
respirators;  therefore,  persons  required  to  wear  full-face  or  half-face  respirators 
must  not  have  beards,  wide  mustaches,  goatees,  extended  sideburns,  or  Fu 
Manchu  mustaches.  All  personnel  wearing  full-face  or  half-face  respirators  will 
be  required  to  be  clean  shaven  prior  to  each  day’s  shift. 
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•  Each  respirator  will  be  individually  assigned  and  not  interchanged  among 
employees  without  cleaning  and  sanitizing. 

•  Regular  eyeglasses  cannot  be  worn  with  full-face  respirators  because  they 
interfoe  with  the  face-piece  seal.  Insms  must  be  utilized. 

•  The  respiratory  protection  used  on  site  will  be  in  compliance  with  OSHA, 

29  CFR  1910.134. 

15.3.1.3  Sampling  Trains 

During  testing  programs,  flammable  solvents  may  be  used  in  the  sampling  trains.  Material 
Safety  Data  Sheets  (MSDS)  will  be  provided  by  the  test  team  for  these  substances. 

15.3.1.4  Spiking  Materials 

During  testing  programs,  the  feed  stream  may  be  spiked  with  materials  that  are  toxic, 
reactive,  flammable,  and/or  corrosive.  It  will  be  incumbent  upon  the  test  team  to  properly 
store  and  handle  the  spiking  materials,  and  to  provide  MSDSs  for  these  materials. 

15.3.2  Physical  Hazards 

Several  physical  hazards  are  expected  to  be  encountered  during  field  activities.  These  hazards 
are  similar  to  those  associated  with  any  mechanical  project.  These  hazards  include  those  due 
to  poor  housekeeping,  equipment  operation,  the  use  of  hand  and  power  tools,  handling  and 
storage  of  fuels,  and  use  of  electrical  power. 

15.3.2.1  Noise 

Noise  is  a  potential  hazard  associated  with  the  operation  of  mechanical  equipment  including 
the  fans,  blowers,  power  tools,  pumps,  and  generators. 

All  on-site  personnel  will  wear  hearing  protection  in  areas  where  noise  levels  exceed  a  time- 
weighted  average  (TWA)  of  85  decibels  (dBA).  Hearing  protection  will  be  worn  during 
activities  if  levels  are  suspected  or  shown  to  exceed  85  dBA.  The  site  H&S  officer  will  con¬ 
tinuously  identify  areas  with  high  noise  levels.  High  noise  areas  will  initially  be  monitored 
with  a  sound  level  meter  or  dosimeter.  Areas  with  consistently  high  noise  levels  will  have 
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signs  posted  notifying  personnel  that  hearing  protection  is  required.  All  employees  working 
on  or  near  the  CBC  will  receive  annual  hearing  conservation  refresher  training. 

15.3.2.2  Heat  Stress 

Heat  stress  is  a  significant  potential  hazard  associated  with  the  use  of  protective  equipment  in 
hot  weather  environments.  The  signs  and  symptoms  of  heat  stress  and  the  physiological 
monitoring  requirements  are  discussed  below. 


Heat  Stress  Monitoring.  Heat  stress  is  caused  by  a  number  of  interacting  factors, 
including  environmental  conditions,  clothing,  workload,  and  individual  characteristics. 
Extreme  hot  wither  can  cause  physical  discomfort,  loss  of  efficiency,  or  personal  injiuy. 

Individuals  vary  in  their  susceptibility  to  heat  stress.  Factors  that  may  predispose  individuals 
to  heat  stress  include: 

•  Lack  of  physical  fitness 

•  Insufficient  acclimation 

•  Age 

•  Dehydration 

•  Obesity 

•  Alcohol  and/or  drug  use 

•  Medical  conditions 

•  Infection 

•  Sunburn 

•  Diarrhea 

•  Chronic  disease. 


Reduced  work  tolerance  and  the  increased  risk  of  heat  stress  are  directly  influenced  by  the 
amount  and  type  of  personal  protective  equipment  (PPE)  worn.  PPE  adds  weight  and  bulk, 
severely  reduces  the  body’s  normal  heat  exchange  mechanisms  (evaporation,  convection,  and 
radiation),  and  increases  energy  expenditure. 
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Signs  and  Symptoms  of  Heat  Stress.  If  normal  body  temperatuie  fails  to  be  maintained 
because  of  excessive  heat,  a  number  of  physical  reactions  can  occur  ranging  from  mild  to 
fatal.  Heat-related  problems  include: 

•  Heat  Rash.  Caused  by  continuous  exposure  to  heat  and  humidity  and  aggra¬ 
vated  by  chafing  clothes.  Heat  rash  debases  the  body’s  ability  to  tolerate  heat, 
as  well  as  being  a  nmsance. 

•  Heat  Clamps.  Caused  by  profuse  perspiration  with  inadequate  fluid  intake. 
Heat  cramps  cause  painful  muscle  spasms  and  pain  in  the  extremities  and 
abdomen. 

•  Heat  Exhaustion.  Caused  by  increased  stress  on  various  organs  to  meet  in¬ 
creased  demand  to  cool  the  body.  Heat  exhaustion  causes  shallow  breathing; 
pale,  cool,  moist  skin;  profuse  sweating;  and  dizziness.  Heat  exhaustion  can  be 
alleviated  by  promptly  moving  the  affected  individual  to  a  cool  place  to  lie  down 
and  providing  cool  fluids  to  drink. 

•  Heat  Stroke.  The  most  severe  form  of  heat  stress.  Heat  stroke  symptoms 
include  hot,  dry  skin;  no  perspiration;  nausea;  dizziness;  confusion;  strong,  rapid 
pulse;  and  coma.  The  body  must  be  cooled  immediately  to  prevent  severe  injury 
or  death.  Relief  is  possible  only  by  emergency  measures  that  quickly  reduce 
body  temperature  to  avoid  irreparable  damage  to  the  body. 


Heat  Stress  Prevention.  One  or  more  of  the  following  practices  will  help  reduce  the 
probability  of  succumbing  to  heat  stress: 

•  Provide  plenty  of  liquids  to  replace  the  body  fluids  lost  by  perspiration.  Fluid 
intake  must  be  forced  because,  under  conditions  of  heat  stress,  the  normal  thirst 
mechanism  is  not  adequate  to  bring  about  a  voluntary  replacement  of  lost  fluids. 

•  Provide  cooling  devices  to  aid  natural  body  ventilation;  however,  these  devices 
add  weight  and  should  be  balanced  against  worker  comfort. 

•  If  possible,  install  mobile  showers  or  hose-down  facilities  to  reduce  body 
temperature. 

•  If  possible,  provide  cool  protective  clothing. 

•  If  possible,  conduct  field  operations  in  the  early  morning. 
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•  Acclimate  woiko^  to  heat  conditions  when  field  operations  are  conducted  during 
hot  weather. 

•  Train  personnel  to  recognize  the  signs  and  symptoms  of  heat  stress  and  its 
treatment. 

•  Rotate  personnel  to  various  job  duties  if  possible. 

•  Provide  shade  or  shelter  to  relieve  personnel  of  exposure  to  the  sun  during  rest 
periods. 


Individuals  succumbing  to  the  symptoms  of  heat  stress  will  notify  the  site  H&S  officer.  Early 
detection  and  treatment  of  heat  stress  will  prevent  further  serious  illness  or  injury  and  lost 
work-time.  Proper  and  effective  heat  stress  treatment  can  prevent  the  onset  of  more  serious 
heat  stroke  or  exhaustion  conditions.  Individuals  having  progressed  to  heat  exhaustion  or  heat 
stroke  become  more  sensitive  and  predisposed  to  additional  heat  stress  situations. 

Physiological  Monitoring.  Ambient  temperature  and  other  environmental  factors  provide 
basic  guidelines  to  implement  work/rest  periods.  However,  because  individuals  vary  in  their 
susceptibility  to  heat  stress,  physiological  monitoring  will  be  used  to  regulate  each  individ¬ 
ual’s  response  to  heat  stress  when  ambient  temperatures  exceed  70^.  Monitoring  frequency 
will  increase  as  ambient  temperature  increases.  The  three  physiological  parameters  that  each 
individual  will  monitor  are; 

•  Heart  Rate.  Each  individual  will  count  his/her  radial  (wrist)  pulse  for  30 
seconds  as  early  as  possible  in  the  first  rest  period.  If  the  heart  rate  of  any 
individual  on  tiie  sampling  team  exceeds  100  beats  per  minute  at  the  beginning 
of  the  rest  period,  then  the  work  cycle  will  be  decreased  by  one-third.  The  rest 
period  will  remain  the  same. 

•  Oral  Temperature.  Each  individual  will  measure  his/her  oral  temperature  with 
a  single-use  clinical  thermometer  for  1  minute  as  early  as  possible  in  the  fost 
rest  period.  If  the  oral  temperature  exceeds  98.6°F  at  the  beginning  of  the  rest 
period,  then  the  work  cycle  will  be  decreased  by  one-third.  The  rest  period  will 
remain  the  same. 

•  Body  Water  Loss.  Each  individual  will  weigh  his/her  self  before  starting 
work  and  at  the  end  of  each  work  shift 
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An  individual  is  not  pennitted  to  return  to  work  if  his/her  oral  temperature  exceeds  100.6®F. 

Physiological  monitoring  information  will  be  recorded  on  the  Employee  Record  for  Heat 
Stress.  All  monitoring  will  be  performed  by  persons  with  a  minimum  of  current  Red  Cross 
first-aid  certification  and  individualized  training  to  recognize  the  symptoms  of  heat  stress. 

The  site  H&S  officer  will  specify  the  work  cycle  period  and  the  rest  cycle  period  based  on 
heat  stress  monitoring  as  per  1991-1992  ACGIH  Threshold  Limit  Values  (TLV). 

1S.3.Z3  Cold  Stress 

At  certain  times  of  the  year,  workers  may  be  exposed  to  the  hazards  of  working  in  cold 
environments.  Potential  hazards  in  cold  environments  include  frostbite  and  hypothermia,  as 
well  as  slippery  working  surfaces,  brittle  equipment,  and  poor  judgement. 

To  minimize  the  risk  of  the  hazards  of  working  in  cold  environments,  workers  will  be  trained 
to  recognize  the  physiologic  responses  of  the  body  to  cold  stress. 

Physiologic  Response  to  Cold  Stress.  Personnel  who  are  exposed  to  temperatures 
below  -10°F  with  wind  speeds  of  greater  than  5  miles  per  hour  (mph)  will  be  medically 
certified  as  suitable  for  such  exposure.  Employees  will  be  protected  from  exposure  to  cold  so 
that  their  body  core  temperature  does  not  fall  below  98.6°F.  Lower  body  temperatures  result 
in  reduced  aleitness  and  a  reduction  in  thought  processes  or  loss  of  consciousness. 

Pain  in  the  extremities  (i.e,  fingers,  toes,  ears,  and  nose)  may  be  the  first  signs  of  cold  stress, 
because  these  areas  have  high  surface  area-to-volume  ratios.  Uncontrollable  shivering  occurs 
during  exposure  to  cold  when  the  body  core  temperature  falls  below  95°F.  This  symptom 
should  be  taken. as  a  sign  of  danger,  and  work  terminated  with  workers  moving  to  a  warm 
environment. 

Ambient  air  temperature  and  the  velocity  of  the  wind  influence  the  development  of  a  cold 
injury.  Wind  chill  is  used  to  describe  the  chilling  effect  of  moving  air  in  combination  with 
low  temperature.  As  a  general  rule,  the  greatest  incremental  increase  in  wind  chill  occurs 
when  a  5-mph  wind  increases  to  10  mph.  Additionally,  water  conducts  heat  240  times  faster 
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than  air.  Thus,  the  body  cools  suddenly  when  chemical  protective  clothing  is  removed  and 
clothing  beneath  is  soaked  with  perspiration. 

Signs  and  Symptoms  of  Cold  Stress.  Local  injury  resulting  from  cold  is  included  in 
the  generic  term  "frostbite;"  however,  there  are  several  degrees  of  damage.  Cold-related 
injuries  include; 


•  Frost  nip  or  incipient  frostbite  is  characterized  by  sudden  whitening  or  blanching 
of  the  skin. 


•  Superficial  frostbite  gives  the  skin  a  waxy  appearance  and  is  firm  to  the  touch, 
but  the  tissue  beneath  is  resilient,  Superficial  frostbite  can  be  treated  by  cover¬ 
ing  the  cheeks  with  warm  hands,  placing  frostbitten  fingers  beneath  the  armpit 
next  to  the  skin,  or  placing  frostbitten  feet  beneath  the  clothing  against  the  skin 
of  a  companion. 

•  Deep  firostbite  is  characterized  by  cold,  pale,  and  solid  tissues.  Deep  frostbite  is 
an  extremely  serious  injury  and  affected  individuals  will  seek  medical  attention. 


•  Systemic  hypothermia  is  caused  by  exposure  to  freezing  and  rapidly  dropping 
temperatures.  Hypothermia  symptoms  are  visually  exhibited  in  five  stages: 

-  Shivering 


-  Apadiy,  listlessness,  sleepiness,  and  sometimes  rapid  cooling  of  the  body  to 
less  than  95.5°F 

-  Unconsciousness,  glassy  stare,  slow  pulse,  and  slow  respiratory  rate 

-  Freezing  of  the  extremities 

-  Death. 

Cold  Stress  Prevention.  Prevention  of  firostbite  is  a  function  of  whole-body  protection: 

•  Adequate  insulated  clothing  should  be  worn  when  the  air  temperature  is  below 
40°F.  Insulated  coveralls,  thermal  socks,  long  underwear,  hard  hat  liners,  and 
other  cold-weather  gear  aid  in  the  prevention  of  hypothermia. 

•  Warm  break  areas  and  drinks  (no  caffeinated  coffee)  aid  in  warming  the  body. 
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•  Train  personnel  to  recognize  the  signs  and  symptoms  of  cold-related  injuries  and 
their  treatment 

•  Personnel  will  try  to  keep  from  getting  their  bodies  and  clothing  wet  as  this  will 
only  accelerate  the  effects  of  cold  stress.  However,  if  personnel  should  get  wet 
they  will  be  allowed  to  dry  off  and  change  clothes. 

•  In  addition,  reduced  work  periods  may  be  necessary  in  extreme  conditions  to 
allow  test  in  a  warm  area. 

15.3.2.4  Bum  ttazards 

The  surface  of  the  CBC  will  be  more  than  300°F.  Therefore,  there  is  a  real  bum  hazard. 
Other  hot  spots  may  be  the  ash,  the  baghouse,  the  fans,  the  stack,  and  all  duct  work.  Bums 
can  be  prevented  by  avoiding  contact  with  hot  surfaces  and  by  using  the  proper  protective 
equipment  when  working  on  or  near  hot  surfaces. 

15.3.2.5  Explosion  Hazard 

The  auxiliary  fuel  for  the  CBC  will  be  natural  gas.  To  prevent  an  explosive  buildup  of 
natural  gas  in  the  CBC  the  following  will  be  observed: 

•  All  auxiliary  fuel  valves  will  be  installed  in  a  double  block  and  bleed  manner 

•  CBC  will  be  purged  with  air  before  the  burner  is  started 

•  CBC  temperature  will  be  above  1300°F  before  auxiliary  fuel  is  fed  directly  to 
the  CBC 

•  Flame  sensor  will  monitor  the  flame  whenever  a  burner  is  in  operation. 

15.3.2.6  Fire  Hazard 

High  temperature  in  the  baghouse  could  cause  the  bags  to  catch  frre.  To  prevent  this 
problem,  the  temperature  of  the  gases  before  the  baghouse  will  be  continuously  monitored  and 
if  the  temperature  exceeds  the  manufacturer’s  recommended  maximum  temperature,  the 
auxiliary  fuel  will  be  cut  off. 
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15.3.2.7  Confined  Space  Entry 

The  CBC  shall  be  evaluated  to  determine  if  any  spaces  are  permit-required  confined  space.  A 
permit-required  confined  space  is  a  space  that; 

•  Contains  or  has  the  potential  to  contain  a  hazardous  atmosphere 

•  Contains  a  material  that  has  a  potential  for  engulfing  an  entrant 

•  Is  configured  such  that  an  entrant  could  be  trapped  or  asphyxiated 

•  Contains  any  oth^  safety  or  health  hazard. 

A  sign  reading  ''DANGER-PERMIT-REQUIRED  CONFINED  SPACE,  DO  NOT  ENTER" 
will  be  posted  at  the  entrance  to  any  confined  space. 

Before  entry  into  a  permit-required  confined  space,  a  permit  must  be  obtained  from  the  site 
H&S  officer.  Only  properly  trained,  authorized  entrants  may  enter  a  confined  space.  A 
properly  trained  attendant  must  monitor  the  entrant  from  outside  of  the  confined  space.  The 
appropriate  PPE  must  be  worn  by  the  entrant  and  available  for  the  rescue  service. 

15.3.3  Activity  Hazard  Anaiysis 

This  section  provides  an  analysis  of  the  likelihood  of  exposure  to  chemical  and  physical 
hazards  and  the  risks  associated  with  those  exposures. 

15.3.3.1  CBC  Erection 

The  likelihood  of  exposure  to  chemical  hazards  is  low,  and  the  associated  risk  is  low. 

The  likelihood  of  exposure  to  physical  hazards  is  low  to  moderate.  Heavy  equipment 
operation  and  working  at  elevated  locations  pose  moderate  hazards  during  CBC  erection. 

Other  anticipated  physical  hazards  include  noise,  electrical  hazards,  pinch  points,  heavy 
lifting,  fuel  handling,  and  heat  stress.  Control  measures  that  will  be  employed  to  reduce  the 
potential  risk  of  exposure  include  properly  maintained  heavy  equipment,  employee  training  to 
recognize  physical  hazards,  and  adherence  to  the  heat  and  cold  stress  guidelines  contained  in 
the  HASP. 
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15.3^.2  Performance  Testing 

During  the  performance  test,  samples  of  the  red  water  will  be  analyzed.  The  red  water  may 
be  spiked  with  organic  chemicals  and  heavy  metals,  which  present  potential  inhalation  and 
skin  contact  hazards  during  the  addition  and  subsequent  sample  handling  activities.  Control 
measures  that  can  be  employed  to  significantly  reduce  the  potential  risk  of  exposure  include 
enclosed  mixing  and  the  use  of  PPE. 

The  likelihood  of  exposure  to  physical  hazards  is  low  to  moderate.  Equipment  operation  and 
material  handling  activities  pose  low  hazards  during  trial  bum  preparation  activities.  Other 
physical  hazards  include  heavy  lifting,  noise,  electrical  hazards,  fire,  and  elevated  work  areas. 
Control  measures  that  will  be  used  to  reduce  die  potential  risk  of  exposure  include  proper 
equipment  maintenance,  trained  operators,  grounding  and  bonding  during  liquid  transfer, 
adherence  to  lock-out/tag-out  procedures,  and  utilization  of  proper  tie-off  procedures. 

15.3.3.3  Maintenance  Operations 

The  likelihood  of  exposure  to  chemical  hazards  during  maintenance  activities  is  low.  The 
area  of  concern  for  this  analysis  is  from  the  feed  port  to  the  stack.  All  red  water  that  enters 
the  CBC  will  be  combusted,  so  red  water  (and  its  constituents)  will  not  be  present  in  the  CBC 
during  maintenance  operations.  A  separate  analysis  of  maintenance  of  the  waste  feed  system 
should  be  considered,  but  this  is  beyond  the  scope  of  this  document. 

The  likelihood  of  e?q)osure  to  physical  hazards  is  low  to  moderate.  The  risk  associated  with 
exposure  to  these  agents  is  moderate,  based  upon  the  potential  for  serious  injury  from 
electrical  hazards,  pinch  points,  and  moving  equipment.  Control  measures  that  will  be 
employed  to  reduce  the  potential  risk  of  exposure  include  employee  training  and  the  prepara¬ 
tion  of  site-specific  standard  operating  procedures  (SOP).  Examples  of  these  procedures 
include: 

•  Lockout/tagout  procedure 

•  Confined  space  industrial 

•  Welding,  cutting,  and  other  hot  work  in  hazardous  locations 

•  Isolation  of  and  entry  into  the  CBC. 
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15.3.3.4  Operation  of  the  CBC 

A  variety  of  chemical  and  physical  hazards  are  associated  with  the  operation  of  the  CBC. 
The  primary  control  measures  include  good  engineoing  design,  employee  training,  and  the 
preparation  of  site-specific  SOPs. 

The  likelihood  of  exposure  to  chemical  hazards  during  routine  operations  is  low  and  should 
be  limited  to  e^qposure  during  sampling  of  the  waste  feed  and  the  ash. 

The  likelihood  of  exposure  to  physical  hazards  is  low  to  moderate.  Hazards  addressed  in  the 
SOPs  will  include  noise,  electrical  hazards,  work  at  elevations,  slip/trip  hazards,  pinch  points, 
and  hot  surfaces. 

Either  a  task-specific  hazard  analysis  or  an  SOP  will  be  developed  prior  to  starting  a 
particular  task. 
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RISK  ASSESSMENT  OF 


X  ( 


RISK  ASSESSMENT  OF  MUNITIONS  CHEMICALS  TO 
DEVELOP  DRINKING  WATER  HEALTH  ADVISORIES 


The  US  Army  and  the  US  Environmental  Protection 
Aflency  established  a  Memorandum  of  UnderstandinQ  to 
cooperate  In  developing  Health  Advisories  (HA)  for 
munitions  chemicals  that  may  occur  in  drinking  water. 
Health  Advisories,  developed  by  the  Office  of  Drinking 
Water,  describe  nonregulatory  concentrations  of  drinking 
water  contaminants  at  which  adverse  health  effects  are  not 
expected  to  occur  over  specific  exposure  durations.  They 
provide  informal  technical  guidance  that  assist  public 
health  officials  when  contaminations  occur.  Health 
Advisories  (HA)  are  developed  for  One-day,  Ten-day, 
Longerterm  (7  years  or  10%  lifetime)  and  Lifetime 
exposures  based  on  systemic,  noncarcinogenie  toxicity.  A 
threshold  dose-response  relationship  is  assumed.  Lifetime 
HAS  are  not  recommended  for  known  or  probable  human 
carcinogens  (EPA  classes  A  and  B,  respectively).  A  potency 
value  (unit  risk),  derived  from  the  linearized  multistage 
model  with  95%  upper  confidence  limits,  is  used  to 
calculate  risk  for  a  lifetime  exposure  to  carcinogens  In 
drinking  water. 


Health  Advisory 
Values 


CcMtdfDnnuliuMdiMrt-daytbMtdan  toxicity 
ftudicc  wHh  1  to  $  diycoxpowiio)/ 1ft4by  (bttwd  on 
1oiidtyttudici«Mi  7  to  14  iteyi  expowre),  Of  longer 
temi  (up  to  7  yon;  (mod  on  toxkity  itudico  with  90 
day*  to  1  ycir  espowro)  adviiofy  ihnlta. 

(NOAaerlOAaXBW) 

HA  ■  - —  s**/l 

(UF)tt/diy) 

ufhavas 

NOASLor 

lOAEL  s  No-  or  Lo«vcit<OlM«rvod*Adveno- 
Cffect  level  in  (mg/kg  bw/day) 

iW  n  aaNaHcdbodywelghtofacMIddOiig) 
oranaduKC^kg) 

UF  •  uncaitakity  twtor  (10, 100, 1000)  in 
accordance  with  N  AS/ODW  fuidefinea 

l/d^r  •  eaaaaodvMrtaroanaumplioaefachild 
(1  l/day)oranaduit(2L/day) 


Three^tep  proceM  lor  calculating 
HA  value: 

Stcpi:  D«teniiiiHitionoricfertnGBOM»(aa» 

AnatiinstionafitaityhuniintxpowK  IBceiytobe 
wHheut  appreciable  rbk  of  aeielerieia  (non* 
cardnopcnic)  health  cfFeett  in  the  human 
popula&Mi  (including  eenUtive  Bibgraupi}  o«er  a 
UfMbne. 

Step  2:  Octcnmnation  of  Drinking  Water  Eqidvaicnt  Level 

(owa) 

dMidW) 

OWRs  - 

(2L/day) 

vvhere:  t(D  =  lefercnce  Oeec 

aw  B  aiMimed  adult  body  weight  (70  kg) 
2l/day  ■  ewumed  water  conaumption  of  adult 

Steps:  OelenninatianaflifetiineHAvaliw 

HA«(OWEU(tSQ«mfa 

where:  OWQ  ■  Drinking  Water  Eipihraient  Level 
ISC  B  SelBtivc  Sotnee  Contribution; 

amumed  pereentage  of  daily 
eapoeure  contibutcd  by  ingccting 
drhddng  watcn 


DrNdng  wttcr  cotitambiMto  are  ctt^orind 
eoeoniini  te  their  carcinogenic  potential: 

Group  A  Human  Caidmgcn 

Croup  B  Brobabic  Human  Carcinogen 

Ctoiip  C  foieiile  Human  Carcinogen 

G»o«giO  Net  CfaweliBbie 

CreppE  No  Evidence  of  Carcinegenieity  for 

Humane 

Grotfi  A  and  B  Cardnogene; 

Upper<baiind  exceae  cancer  rhk  cettanated  by  the 
UnaBri»dM>dtbtagcaA4$)ina1hcmaticalnmdel.  Ifie 
IMS  model  flte  linear  doee-rcapoMe  cuivee  to  low 
doeae  and  b  coraietent  with  a  no4hrcdwid  model  of 

.  ^  _ B 


Greig>  C  Contaminants 

Heahh  rW(  baaed  on  a  noncvcinogenic  endpoint  with 
an  addKionai  uncertainty  factor  (of  from  2  to  10) 
applied  to  the  Lifetime  HedthAdviaoryi  Thecatra 
factor  ptevidea  an  addWonalaafatyreargbi  to  account 
for  poeiBile  cancer  effecta. 


Health  Advisory  Values 

Oiit>0«y  (Child)  0.02  m^L* 

Tov-Day  (Child)  0U)2  m^L* 

Long*r>Temi  (Child)  0.02  m^L 

Lonicr'Tenn  (Adult)  0X2  m^L 

0.002  i^L 

Basis  of  Loiigcr*Tcnn  (Child  and  Adult)  and 
Ufetime  has:  Lavint  of  mL  (1983);  Lo«mt<Observ«d- 
Advcno>Effect  Level  (OlS  for  fiver  effect 

(hcpatocytomegaiia)  m  dogs  cxpos^  for  20  weeks 
via  diet. 

•H9  4m%  filiifc  H  imm9  oiieit  inw  HA  vtkam,  Videi  ihiww  #i»  liiwai 
hMSM  IfAlw  It  hf 


Cenotoxicity 

SeOiwnclfa:  FeeHive 

to  vwe  Bone  Marrow  (Rat):  Negative 

to  vtoe  UOS  Human  Diploid  Rbrabiaais:  Negative 

Bone  Marrow  Mieronucieus  Asny;  Negative 

to  WM/to  vffra  UDS  Hepatoeytes  (RaOt  Ne^ttve 

Two>Year  Bioassays 

Mice  Negative 

latt;  Feeitivc  for  urinary  bladder  papiilomaa  and 
eafdnomas  in  femaiea 

Potency:  sf  a  sxie^fmgAg/day)*’ 

Cancer  Model  for  io«  uto 

Unearind  MuftisUge  ipg/l 
One44it  OJpgfL 


One44it 

toebit 

logit 

WetouR 


700|>g/L 

MugfL 

lOiigA 


Cancer  Classification 

ff A  Croup  C.  Pomibie  Htenan  Carcinogen 


X=» 


O2N- 


-NO5 


Health  Advisory  Values 

OncOay  (Child)  Smg^L* 

Icfi^y  (Child)  Sm^* 

Lonser'Tcnn  (Child)  5m|/L 

longer>T«tm  (Adult)  20mf^L 

Ufetime  e.4Rig/l 

Baib  of  longef  •Term  (Child  and  Adult)  and 
Ufetime  HA:  Sverett  et  at.  (198S);  Ne^Obecrved- 
Adveme^Effect  Levd  (50  mg/kt^d^}  fer  Gver  loions  in 
male  rats  fed  HMX  in  the  diet  for  90  days. 

ArifeMitafele  «  aMusa^  4«Mdo^sMM4ap«i  fVk  ouMk  VftJMtRwni  ioM 
MtiMH  an  lanfMMi  MA  farl* 

Cenotoxicity* 

SifeieneUB  Negative 
SaedutoBiycee  cerevfeiae  Negative 

hiktHfmk 

Two-Year  Bioassays 

No  ftudia  found  in  the  ikermure 

Cancer  Classification 

ffA  Cfoup  0,  Not  CiuaifUile  as  to  Human 
Carcinogenicity 


(RDX) 


Nps 

Ns^N 


OgN 


NO- 


Health  Advisory  Values 

One4>ay<Chiid)  aimtH.* 

Ttn«Oay  (QiiU)  O-lmg^L* 

Lon|«r>Term  (Child)  (Llnif/L 

L^«r>Tenn  (Adult)  0.4ing/L 

Ltfetime  0UM2ni^L 

Baib  of  Lifetime  HA:  Levine  ef  al.  (1 983);  No- 
Obeerved  ■  Adver«e»Effect  Level  (0^  mffli(fday)  for 
proMate  effects  (suppuietive  inflanunitieii)  in  rets 
exposed  via  diet  for  24  months, 
lasts  of  Loiiger.Tenn  HA:  Mardfi  and  Hart  (1974);  Nf>. 
Obscrved-AdvetwERca  Level  (1  mf/kg/^)  for 
Rcurologicai  rifects  (convulsions)  in  cynemoigus 
monkeys  exposed  via  diet  for  90  days. 


m4m 


Itltli 


lHA« 


hVilrtMlIltlMlitMff 


Cenotoxidty 

Saknone/k:  Negative 

Dominant  Lethal  (tats):  Negative 

In  vkre  DOS  Human  Fibroliiasts;  Negative 

Two-Year  Bioassays 

Rats  (Two  Stieins):  Negative 
Mice  Podtiw  for  hepatocHhiiar  carcinomas  and 
adenomas  in  femaics 

Potency:  sf  oi.unr'  (mg/hg/dayr’ 

Cancer  Model  for  lo*  Risk 

lincarixcd  Multistage  OJug/L 

Prehit  <0il02ug/l 

Legit  <04)02pg/l 

Wcfaili  <04)(l2pg/L 

Cancer  Classification 

iPA  Croup  C.  Poaible  Human  Carcinogen 


Diisopropyl  methylphosphonate 
(DIMP) 


Health  Advisory  Values 


OiM4>ay  (ChilA  tn^* 

l(M-Oay  (Chikn  Smi/L* 

LongeroTerm  (Child)  8fn|/L 

Lofif^-Tetni  (Aduit)  SOmg/l 

Lifetime  0.6in|/l 


Bam  of  Longer*!^  (Child  and  Adult)  and 
Lifetime  HA:  Hart  (1980);  Devdoped  NOAEL  «f  75 
mgAg/day  bawd  on  90-dey  dietary  Aidy  in  dogs. 

«faiw»  «tr  dmNipiPi  liiafMra  MA  v#w  «  «I 

mimmn  kmtitm  taiif 

Cenotoxicity 

SabnencOi:  NegatH* 

Seccha/Pinyees  eereeiriag  Nepnivc 

Two-Year  Bioassays 

No  studies  fouttd  in  the  IhcrelMre 

Cancer  Classification 

ffA  Croup  D.  Not  Oaesifiabie  as  to  Human 
Caretnegenieity 


Health  Advisory  Values 


On*4)ty  (Child}  llms/l* 

Tcfi-Oay  (Child)  lln^ 

Longer.Tcnn  (Chnd)  llin^l 

Lenger«Tcfin  (Aduh)  37ing/l 

Uftdme  (L74iii^l 


Bam  of  Ufctimt  HA  Vhiuc:  Morgan  e(  aL  (1988b);  Body 
and  oigan  might  changoo  in  fomaic  ratt  espowd  for  90 
dayt  via  diet 

Bam  of  TeivOay  HA  Vhluc:  Morgan  ttaL  (1988a1; 
Incriid  water  eorwimptien,  dccraued  electroiyta, 
and  deereaNd  heart  we^ts  in  lata  exposed  for  14 
ttayt. 

Bam  of  bngcr.term  HA  value:  Morgan  of  af.  (1 988b); 
Decreased  body  weight  increased  brabi/body  weight 
ratio,  and  incremed  water  consumption  in  rats  eifNMed 
for  90  days  via  (Bet 

***»*■  eelOliOWiWl  HI  Ser>Uot^Wliniliewin»<W«— SmS 
wwhWrrM, 

Cenotoxidty 

Sabnenete  Negative 
Moute  lymphoma  Calls:  Negative 
tn  tdboChinese  Hamster  Ovary:  Negative 
Dondnant  lettiai  (lUt  MiceH  Negative 

Two-Year  Bioassays 

No  studies  found  in  the  literature 

Cancer  Classification 

Croup  D,  Not  ChwiRibie  as  to  Hunan  Catritii'iiginir.it)r 


1,3-Dinitrobenzene 

(ONB) 


Health  Advisory  Values 

On»^}ay  (Child)  0^  ntf/l* 

Ten-Ovy  (Child)  (U  mg/L* 

lon|er>Ttnn  (Child)  (U  inc/L 

LanB*r.1i»fm  (Adult)  0.14  mg/L 

lifetime  OjOOIii^L 

Bad*  of  Ufctlmc  and  Longer>Tciin  (Chiid  and  Adult) 
HAS  Cody  er  aL  (1981 );  NeObfCivedw^dvcrae-Effcct 
Level  (1.3  ing/kg/day)  for  aifectsen  spleen 
(hemosiderin  deposaion)  and  testes  (reduced  weight 
^  decreased  spermatogenesis)  in  rats  given  1 .3«ONB 
in  drinking  vntcr  for  14  vweks. 

. . . .  11  ■  ill  MMl  VMmi  thwM»M 

MlwnHiiii  iaiwWA^aiO»|fXkh 

Genotoxldty 

SeltnenodB  Miacd  results  (positvc  a  negative  in  same 
strain) 

SMedaiamyemetmrhiMtt  Negative 
helmidtia  eelk  Negative 
kiwdroUOSinrathepateqaes:  Negative 

Two>Yev  Bioassays 

No  studies  found  in  the  litafature 

Cancer  Classification 

EPA  Croup  0,  Net  Ctamfiebie  as  to  Human 
Caictnogenicity 


Health  Advisory  Values 
Onc«Oay  (OiilA 
Tcn^y  (Child) 
Lonfer^Tenn  (Child) 
longer>Tefin  (Adult) 
Lifetime 


Smg/L“ 
Smj/L 
0.1  mg/L 
0.4$  iii^L 
0.001  mg/l 


of  Lifetime  and  Langer.Term  (Onld  and  Adidt)  HAiz 
«  a/.  (1980);  No.Obaefved.Adyera«.Emeet  Level 
(1.3  mg/lq/day)  for  liver  (hepetocytomegiia)  and  kidney 
(^  tubuiar  atnphy  and  degenention)  icaiois  in  rats 
fed  hexachioroethane  in  the  diet  for  16  weeks. 

BaaisoflovOay  HA:  Coramski  eraL  (1980);No• 
phierved.Advelae4Secl  Level  (50  mg/kg/day)fbr  liver 

h^^  neooiii  and  deereaae  in  body  weight  pin  « rats 
fed  heachtoroethane  bi  the  diet  for  16  <kys. 


Cenotoxidty 

■Sabnenedr  Negative 
iaecfcaremyces  carev 


Saeehamiuy4Sf  earermae:  Neptive 

Two>Year  Bioassays 

for  renal  cardnomaa  and  adenomas  in  males 

Mice;  ^«tnm  for  lng«ocBllulaf«ardnoma  at  males  and 

ICfRtlfS 

Potency:  SF  a  l^xio^fmgfhgfday)** 


Cancer  Model  for  io«  ua 
Lintariacd  Multimp 
One.Hit 
Prabit 
logit 
Wcibull 


luga 
5000  HgfL 
50|l^ 
3Mg/l 


Cancer  Classification 

EPA  Craup  c,  Pomibie  Human  Carcmoien 


I1UU“U. 


Health  Advisory  Values 

OwD>y  (0)9(6  Not  racooimcndcd* 

1«n4>ay  (Child)  Not  recommended* 

lon(cr-TetiR  (Chlid)  Not  recommended* 
longcr-Term  (Adult)  Not  recommended* 
lifetime  <U)001  n^l 

■iM  of  Lifetime  HA:  Condray  (1985);  No^Obienred- 
Adveree  Effect  level  (0.01 5  mg/k|/day)  for  parturition 
mortality  in  female  rate  fed  White  fhoephorue  in  the 
diet  for  4  to  8  montha. 

—  ■lirie  wiwOhiw 

Cenotoxicity 

SaAnonette  Negative 

Two-Year  Bioassays 

Nottudiee  found  in  the  literature 

Cancer  Classification 

ffA  (Sroup  0,  Not  QaaaifiaMt  aa  to  Hitmin 
CaidnogenicitY 


Nitrocellulose 


! 


I 


Health  Advisory  Values 

Nitraceiluloae  «vi9  non^tosic  at  all  lioici  studledf 
mi  Micd  to  be  digested  and  afasofbed  in  ail  apeeia 
(rats,  dogs,  and  mke)  tested. 

Health  Advisory  values  appear  to  be  unnecessary. 

Genotoxicity 

SaiSmeneAa:  Negative 

tn  vivo  Kidney  Cells  end  Lymphocytes  (Rat): 
Negative 

In  vivo  torw  Manew  and  Kidney  Cdl  (Rat): 
Negative 

Two-Year  Bloassays 

Dofs  Negative 
Rats:  Negative 
Mice  Negative 

Cancer  Classification 

Not  Clawifird  by  EFA 


TrinilrogI  ycerol 
(INC) 


CH2“  ONO2 
CH  —  ONO2 
CH2—  ONO2 


Health  Advisory  Values 

On»Oay  (ChUd)  (LOOSmf^L 

Tcn^ay  {Child)  OOOSmgA. 

LonfcfTcnn  (Child}  OOOSmf^L 

Ungtr-Term  (Adidt)  (LOOSm^L 

UMme  CUnSm^L 

Basis  vf  HA  wiiucs:  Human  No-QF«ct«(.evci  for 
vasodBatkm.  Antmais  ware  gcncratiy  icn  sensitive  to 
the  ctfaets  of  TNG. 

Genotoxicity 

Sabnonmlb:  Negative  to  Weak 
.  In  vtvoBone  Manew  and  KUncy  Cafl  (Rat):  Negative 
Domirant  Lethal  (Rat):  Negative 
In  vivo  Kidney  Ceils  and  Lymphocytes  (Deg,  Rath 
Negative 

I*  vitne  Chinese  Hamster  Ovary:  Negative 

Two-Year  Bioassays 

DegnNepdve 
Mke:  Negative 

Rats  hasitive  for  hepatocaUular  carcinonia  (maim  aid 
females) 

Potency:  Sf  « i.Mste«  (mi^kg/day}-' 

Cancer  Model  for  kh  Rid 


LineaiiaedMuitistt|e  3ttg/l 

One^H  2vB§fL 

Psebit  t20|tg/L 

Legit  O.A|ig/L 

Wcibull  0.1tig/L 


Cancer  Classification 

Net  Classified  by  iPA 
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CEXEIUL  IXF0K1A7I0N  AND  PROPERTIES 

V 

Trinicrotoluene  (TXT)  or.  mere  specifically.  »-TXT  is  the  eeaaon  detignatlor. 
for  i,4,6-trintttotolu*ae,  the  sest  widely  used  milltery  high-explosive 
(Cestorina,  1980).  For  purposes  of  this  HA.  the  eynonytt.  TKT,  vlll  be  used 
throughout  CO  refer  to  2,4,6-triaittotoioene.  Along  with  TKT,  the  syttBetrlcei 
Isoser.  five  mete  or  unsyaoccrical  txi&icretelttene  isomers  are  found  Is  the 
crude  product  resulting  from  the  nitration  of  toluene  vith  nitric  acid  In  the 
presence  of  sulfuric  acid.  The  nlcraeien  occurs  in  a  step-wise  fashion  by  a 
batch  or  continuous  process. 

The  continuous  process  as  employed  at  the  Eadford  Army  Ainunltion  Plant 
(RAAP).  a  prototype  for  Army  Aasunition  Plants  (AAPs),  utilisas  991  nitric 
acid  and  442  oLaua  (1092  sulfuric  acid,  a  aolution  of  sulfur  trioxida  in 
anhydrous  sulfuric  acid;  Small  and  Koaasblatt,  1974)  to  nitrata  toluana  in  alx 
stages  to  crude  TKT  which  is  then  subjected  to  purification  with  aqueoua 
sodium  sulfite  (sellite)  (Ryon  et  al.,  1984).  Thla  proeaas  haa  been  furtbar 
modified  to  employ  eight  aitrator  vesaala  fitted  with  dynamic  (centrifugal) 
sapsrators.  theraby  anauring  a  greacar  dagrae  of  aafaty  and  affielcney.  The 
purification  process  consists  of  two  scid  wesbes,  three  eelliti  waahes  and  two 
poac-sellite  wathea. 

The  etude  TKT  contains  approximately  52  of  the  meta-isomers.  These  ere 
reduced  to  about  0.62  by  the  sellite  purifiesclon.  Crude  TKT  elso  contains 
approxlmataly  12  of  the  six  dlaitrecoluane  (SMT)  Isommrsi  which  era  net 
removed  during  purification,  and  slightly  more  than  12  oxidation  products, 
which  arc  reduced  to  <12  by  purification.  Thraa  additional  impurieica. 
amounting  to  <12,  are  introduced  by  the  sellite  proceaa  (Ryon  ct  al. ,  1984). 
Total  impurities  constitute  net  mors  then  3.242  of  the  finished  TKT  (Pal  and 
Ryon.  1986). 

The  resulting  monoelinic  rbombobedrlc  cryatala.  aa  daacribad  in  Beaenblatt  at 
al.  (1971),  whan  vary  pure,  malt  at  60.99*C.  although  a  aaltlng  peine  aa  high 
aa  81.6*C  has  been  reported  and  80.65*C  ia  a  coaMSly  aeeapeed  figure  (80.1  - 
81.6*0 .  The  color  la  usually  pale  yellow,  bus  a  ehremaeograpbieally  purified 
aample  haa  been  daacribad  aa  faintly  yellow  to  pure  white.  A  boiling  point  of 
210*  to  212*C  at  10  to  12  w  Eg  haa  been  datarminad.  The  apeelfic  gravity  has 
bean  variously  rsporcad  ever  the  range  of  1.3  to  1.6  fm/ce.  Although  the 
solubility  of  TRT  ia  wstst  st  20*C  is  only  0.0132  (130  mg/L)*  this  is 
slgsificsne  for  pollution  ssd  hasleh  Itsuoa,  Its  solubility  in  organic 
solvents  runs  such  higher,  e.g.,  109  gn/lOO  g  of  aeotoaa  me  20*C. 

Two  grades  of  TKT  srs  used  for  miliesty  purposes  and  chair  purities  are 
measured  by  the  aelldifleatlos  peine  (also  texmad  fraoslng  point  or  aaseing 
peine),  which  is  censidarad  mere  rcpreduclbla  than  a  malting  point.  •  Grads 
III,  the  more  highly  purified  grads,  bat  a  tolidlflcaclen  peine  of  80.4*C, 
alnlaum,  and  exists  as  a  fine  eryatallioe  fern  (Dapartaant  of  the  Army,  1987). 


MUU  “  J  X  -  A  =7 


cbnlul  KU!  phy.ici  ctut.ct.rl.tU.  o<  IW  .r.  pnunc.d  id  tibj. 

'J*  “<  «rletlo«..(n»itiv«  of  thi  hl,h 

Tht  ch«Blc*l  ■t«billty  of  TNT  is  lueh  th«t.  oven  «e  i<n»r  ^ 

Itoot  doco.po.ltlo.  lo  *0  hour,.  Moltco  rat  CM  b,  “  S^Jloi’j'" 

y  intrsloa  la  waeor  (Dopartaoae  of  th«  Aray,  i967). 
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table  XI' I 

\ 

GEUEiUL  CHEMICAL  ASD  PHYSICAL  PROPERTIES 
OF  2,4,6-TRINlTROTaLUENE*^ 


CAS  Number 
Names 

Molecular  weight 
Empirical  formula 
Structure 


Color 


U8-96-7 

TNT,  o-triaitrotoluol,  l-mechyl-2,4, 
6-criaierebca2cne.  trotyl,  tolite, 
triton,  tritol,  trilite,  O'TKT 

227,13 


Physical  state 

Specific  gravity 

Liquid  density 

Vapor  pressure 

Solubility  eharaetsrlsties 


Mel  ting  poise 
Bolling  peine 
Frsseing  peine 
Flash  point 
Conversion  factor 


Houoelinic  rhembohedral  crystals 
1.654 

1.465  g/em^ 

0.053  SB  (85*0;  0.106  as  (100*0 

Vatsr:  0.013  g/lOO  g  (20*0 
Carbon  tstrachleride:  0.65  g/tOO  g 
(20*0 

Toluene.:  55  g/100  g  (20*0 
Acetone:  109  g/100  g  (20*C) 

80.1  -  81.6*C 

210*C  (10  SB)  -  212*C  (12  K> 

80.75  t  0.05*C 
240 *C  (explodes) 

1  ppm  •  9.26  ag/s’  C25*C;  760  mnHg) 

1  ag/m'*  •  0.108  ppm  (25*C:  760  amiig) 


a/ 


References:  Clayton  and  Clayton  (1981);  Rosenblatt  at  ml.  (1973); 
Department  of  the  Army  (1967);  Viadhols  (1976);  Zakhar!  and  Villaxae 
(1978) 
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III.  OCCURRENCE 

\  . 
Trtoitrotoluene  was  produced  and  used  on  *n  anotttcus  seal*  during  World  Wat  1 
and  World  War  II  and  may  b«  consldardd  tha  mete  important  military  bursting 
charge  explosive.  It  has  found  vide  application  in  shells*  bombs,  grenades, 
demolition  explosives  and  propellant  compositions  (Department  of  the  Army, 
1967). 

Trinitrotoluene  is  manufactured  primarily  by  the  continoous  process,  as 
deacribed  above,  in  Army  Aammltion  Plants  (AAPs).  Production  from  1969-1971 
vas  reported  ae  45  mtllion  pounds /month  with  a  capacity  of  85  million 
pounds/notttb  (Ryon  et  al.,  1984).  It  has  boon  reportad  chat  as  much  ss  one 
half  million  gallons  of  vastewater  have  boon  gettcreted  per  day  by  a  single 
plant  Involved  in  the  production  of  TUT  (Harclay  et  al. ,  1981) . 

Trinitrotoluene  vasces  have  a  unique  terminology  es  described  in  Rosenblatt  et 
al,  (1973).  "Nltrcbodies"  include  TUT,  other  TNT  Isemera,  products  from  the 
selllte  purification  proeass  and  by-products  from  the  production  process,  fte 
spent  selllte  veshings  are  high  in  solids  content  and  are  called  "red  water  . 
Ryon  at  al.  (1984)  have  reported  chat  "TKT  la  the  largest  single  non-polar 
component".  The  major  organic  components  Identified  are  2,4rdiattrotoluene- 
3-sttl£onacc  and  2,4-dtnltrotoiuene-5-tulfonate»  which  make  up  approximately 
one-third  of  the  polar  organic  fraction.  Such  water  la  intensely  red-colored 
end  either  is  sold  to  paper  mills  for  eulfur  content  or  is  conesntratsd  by 
evaporation  and  incinarated.  It  is  not  amenabls  to  purification  and,  because 
it  is  classified  by  EPA  as  a  basardous  waata.  It  cannot  be  discharged  into 
streams. 

"Pink  water"  comes  from  both  manufseturlas  plants  and  from  load,  assemble  and 
pack  (lAP)  facilities.  That  from  manufaetvrlng  plants  can  arise  from  Mahon 
fog  filter  sffluenta  and  nltrator  fume  aenibber  discharges  end  is  known  to 
consist  of  tbs  DNTs.  While  not  poaitlvaly  Identified,  these  two  souress  of 
"pink  water"  are  also  believed  to  contain  all  TNT  isomers,  mononitrotoluenes 
(UMTS)  and  possibly  dlnltro-m-cresola  arising  from  the  displacsment  of  a  nltro 
group  on  TNT  isemera.  Additionally,  "pink  water"  from  manufacturing  plants 
arises  Iron  "red  water**  dlstillatee  (evaporator  condensate  from  concentration 
process)  and  cemaista  of  DNTa,  while  those  from  flaishlmg  building  hood  _ 
scrubber  and  wash-down  affluanca  are  alee  baliaved  to  contain  primarily  0»Ta. 
Spent  acid  recovery  waatas  may  be  an  additional  aourca  of  **plnk  water 
generated  during  the  manufacturing  preeeaa  (Daere  and  Soaenblate,  1974).  On 
the  ether  hand,  "pink  water”  free  LAP  facilitiaa,  resulting  primarily  from 
shall  washout  oparationa,  eentsina  aaseaciaUy  pur#  TNI.  usually  coutaminatsd 
with  hsxahydro-l,3,5-trlnltro-l»3,5-crlaaina  (IM)  or  ether  additives.  The 
pink  color  —  pals  atraw  to  brick  rad  •-  arises  sndtr  neutral  or  basic 
eondltiena,  esptclally  whan  the  wastes  are  enposed  to  sunlight  (Eeaanblatt  et 
al.,  1973). 
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A  iiumb«r  of  photodegradatloo  products  of  TST  have  b«cn  Idtntlfied  fo.  organic 
solvent  extracts  of  ’’plait  vacer”,^  Those  degradation  produces  chat  are  veter 
soluble  (but  not  extractable  by  organic  solvents)  have  not  bean  fully  • 
characterized;  heuever,  as  »aay  as  thirty  eetqtoncacs  of  condensate  vastevater 
(i.e.  ateaa  distillates  arising  frea  the  eoaeantraeion  of  "red  water"  by 
evaporation)  obtained  fron  the  Volunteer  AAP  have  been  identified  and 
quantified  (Table  Itl^l).  Other  eonsticueats  not  derived  froft  TNT  degradation 
include  tbs  toxieologieally  significant  OKT  isoBira,  particularly  2,6-  and 
2,b-DNT  (Oacre  and  Rosenblatt,  1974). 


VI  health  SFFSCTS 

,  V 

u  aleh  Affects  data  free  human  occupational  enposure  to  Tl!T  and  frw 
health  aitects  «««  *cwt  u—  THT  arc  dunarited  in  this 

laboratory  experiments  with  animals  adminia  «--•«  evatsms 

s«tloo.  t.*..  1»«  ob..tv.d  to  «to,  ttoto..  .M 

brm.  ll«t.  blood,  robtotototo.  otiw.  ^tooyo.  utl  . 

and  eye*.  Evidence  Is  presented  that  TKT  la  both  autaienic  ane 
in  bacterial  and  animal  eaata*  respectively . 

A.  Health  Effects  in  Human* 

.  j  «  *  1  avM  eeala  ■anufacture  of  TUI  durlnt  World  War  I*  many 

''^^itioM*wor^r*  reportedly  died  of  INI  intoxication.  0uriO(  on*  7  month 

ttunitiona  morkera  repowdiy  ^  ^  polsoninf.  In 

tot  totoxitotioo  duttot  0  “  ^nfiswlid  ms.  seo^dodih.  «.«)  «« 
TotoS;  S  So*  b^torstotl.  ou.  of  14.000  of  ^  ;«  «‘r  . 

exposure  to  TNT  (Zakbarl  and  Vlllaum*.  1978). 

»l,h  th.  toCTOtoOd  «WO...  .£  Cb.  b....d. 

totolltto.  .lto«loo«l!’  d.o.....d  dottot  wobld  ««  j 

tooto...  to  bb.  trotoottod  .£  tbl.  s2tirt«!“5t5  ^  oU 

t.p.n.d  to  tb.  pottod  bowood  Job.,  19*1  «id 

W?;  “  DOT,  goo-obtod  .£  .b.  OT  »»  ““ 

ct  1.5  •»/.’.  tb.  totottof  votkptoc.  .tud.td  WS^. 

<r.“;.r-i;  rpi::^ 

uioSly  MCOWtotod  br  «  fTOOt  tMluotlod  to  .to.  o»l  •Hfc*  ”“>• 

stot.  ootid  vt  It.  «iy  occtoobi  *«*^  *“  “  ”  •Sn^.Tto'lS 
i.pottod  ud  ooty  £«>  probUdo  tolotod  to  “•  '*'• 

<  «hto?»«juege  literature  (Morton  et  *1p»  I97b)» 

In  an  extensive  review  of  th*  literature,  Zakhar!  a^  detaUed*^"*^**^ 

on  tb*  various  eigne  and  eymptom*  of  TKT  toxlei^  ^-eiipidual  body  ayetem*. 
description,  of  the  .or.  epeclfie  effect,  of  TKT  on  individual  body  ayatmta. 

Th*  following  la  *  #u»ary  of  thla  report. 

Initial  exposure  to  TRT  in  the  etmospbere  may  teault  In  *^*^*^^^*^*^ 
reeplxatory  peaaagea  (naaal  diacomfert,  anoasing,  eplataxla 
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possibly  sssoeiatsd  with  headache)  and  skin  (erytheoa  and  papular  arupcions 
progressing  to  desquaoatloa  and  exfoliation).  Gastrointestinal  disorders,  cc 
include  rausea,  anorexia  and  constipation,  aoaetlBes  associated  with 
tightening  of  the  chest,  are  aaong  the  first  signs  of  possible  intoxication. 
Epigastric  pain  not  associated  with  food  Intake  Is  a  cardinal  symptom: 

Absorption  of  sufficient  aaouncs  of  TOT  through  the  akin  or  lungs  can  produce 
signs  of  cyanosis  (due  to  aetheaoglobln  fotmacion).  toxic  jaundice  (due  to 
severe  liver  damage),  aplastic  anemia  (due  to  damage  to  the  erythropoietic 
system),  cataract  formation  (possibly  a  direct  effect  of  TOT  vapor  or  dust- 
My  be  first  and  only  clinical  aaaifestaeioa) ,  menstrual  dlaerdera  (hypo-  or 
hypermenorrhaa) ,  ttaurologicU  oanlfestaclona  (aeuraetbanla.  nystagmus, 
irregularltiee  of  tendon  reflexes  and  adladoehoklneela;  only  2.2Z  os  the  cases 
I  **J^^*r*^  l*«lons;  sot  of  the  persons  examined  in 

thermortgulacing  reaction  to  heat 

and  cold  (kaganov  at  al. .  1970  a.  cited  In  Zakharl  and  Villauae,  1978))  and 

■  Significant  rlat  In  glomerular  filtration 
rate,  sodium  retention,  urgency,  frequent  micturition  and  lumbar  pain). 

Upon  physical  «c«BlMtlon.  the  findings  My  include  a  yellow  dlacoloratlon  of 

^  ^  Mually  due  solely  to  staining  with  I»T  and 

^  co^uaad  with  the  jaundice  aasoeiated  with  liver  toxicity.  More 
slguif  leant  would  be  a  bluish  diseolecatien  of  the  mueoea  indicative  of 

*“*^*‘*‘^  *“^‘“**  ^-ntatiti.  With  or 

Md/!r  appaerlag  rashes  may  clear),  aplgsetrlc  pais,  tendamaas 

(br^Jvc!JJJ!’  ^od  palpabl.  liver  and  changes  to  the  electrocardiogram 

(bradycardia,  daereaaad  amplitude  of  QRS  complex,  flattened  T-vave)  and 
eiectroancaphalogram  (deeraased  amplitude  of  biopotenclals,  slowed  aeclvlcv 
poor  reaction  to  .tiill),  fuactloMl  In  Mture.'asd  apparlaJirJu.  tT 

^oratory  finding.  Include  an  amber  to  deep  rad  coloration  of  the  urine  and 
st^e^  ^If*!*!.**"  paramatera  and  bleed  chamistrlaa.  in 

^•~^**'*  ^  dM®***  PP^clftc  post-mortem 
fringe  tncludad  fatty  changes  in  the  liver  end  kidneys.  Foulereen  (191«)  .« 

d.«!  “«  c'S..'”"’  “ 

llw  (hooM  duTKloE  Mt  tha 

fihrL!.^J  !if^  f  Jdvaaeed  degenaratloa,  dlalneegracien  of  paranchyma, 

round-call  iafUtratlon.  Fat  was 

sigM  of  fat  McuTOlatlon  along  with  cloudy  degonaratlon  of  tha  apitballu.  of 

N^Lr^rfU!*'*  Cttbulos.  Tha  glomeruli  were,  hewovtc.  free  of  fat  globules. 

Che  lunss  wf*^****^**  v*^*  •®*®****d  throughout  the  Interalveolar  tissues  of 
the  lunge.  Hasses  of  brownish  Mtsrial  were  found  is  all  three  organ  ayaesM. 

While  there  have  been  only  limited  reports  in  tba  Cngllah  lltaratute  of 
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cacaract  formation  rcsultin*  from  industrial  exposure  to  TST,  Zakharl  and 
villausie  (1978)  deaexibed  aeveVal  studies  that  reportad  tha  finding  or 
cataracts  among  European  and  Ruaaian  dynamite  workars.  The  cataracts  have  . 
been  reported  to  often  occur  without  ocher  toxic  manifestations  (Manoileva, 
1968)  while  Tyukina  (1967)  described  changes  in  the  crystalline  lens  as 
occurring  in  four  stages  and  being  characteristic  o£  Tin-lnduced  opacities, 
easily  distingulsbabla  from  those  of  diffsrent  origins.  Haasman  and  Juran 
(1968)  reported  the  occurrence  of  eetaraeca  in  26/61  (42. 6X)  workers ,  average 
age  of  44.5  years,  exposed  to  TKT  for  an  average  of  8.4  years.  The  eeterects 
were  described  as  V-thaped  or  lunar,  white-grey  in  color  end  located  in  the 
erea  of  the  leas  equator,  la  eome  cases,  the  opacities  had  ssrgsd  to  form  an 
irregular  ring.  While  etaospherie  levale  ererc  not  raporeed,  the  authors 
j^glcatsd  that  caterect  fomacion  was  not  asseciacsd  trith  other  toxic  effects, 
that  repeated  axaninatloas  indicated  no  ether  health  effeeca  la  26.92  of 
the  workers  with  TNT-rtletsd  cataracts.  In  1978,  Hasaaaa  et  al.  confirmed  the 
occurrence  of  cataracts  charactcriatie  of  TUT  sxposure  in  872  of  a  group  of  54 
TNT  worksTS  with  previously  diagnosed  or  suspected  TKT  cataracts.  Control 
subjects  were  not  included  in  this  study.  Average  exposure  duretion  was 
apprex^cely  14  years.  Other  TKT-rslated  effects  were  minlnal,  confirmed  in 
only  9X  of  the  exposed  group  and  reported  es  chronic  TKT  intoxication. 

More  recently,  Harkonen  at  el.  (1983)  reported  on  the  oecurrenee  of  equatorial 
lena  opacities  in  6  of  12  occupationally  exposed  workers  in  Flnlead.  pie 
opacities  were  described  as  bilateral  and  syamatrical.  They  had  no  effect  on 
visual  acuity  or  visual  fields.  They  ware  detectable  only  in  the  periphery  of 
the  lens,  being  either  continuous  or  diecontlnuous.  Exposure  durstien  was  ^ 
approximately  6.8  years  with  workroom  air  eofteaneraciena  avoraging  0.3  mg/m 
with  e  range  of  0.14  to  0.58  ■g/m'*.  Physical  oxamlnatton  as  well  aa  several 
blood  chemistry  parameesrs  wore  uetmal.  The  average  age  for  cbo  12  workers 
was  39.5  years  with  the  subgroup  having  positive  cataract  findings  averaging 
43.8  years  va  3S.2  years  in  chose  wltbeuc  eataraecs.  In  1984,  tUkltie  et  al. 
reportad  that  16/21  (852)  wotkars  exposed  to  1»I  for  a  moan  of  12.3  yeerk  in 
the  processing  and  packing  of  exploaivas  had  dataccabla  aquaeerial  lena 
opacitiea,  moat  frequently  in  the  anearlor.  cortex  of  the  lena  with  deereasing 
denalty  toward  eantral  aroaa.  Tha  mean  age  of  the  oxpoaodjworker#  was  41.1 
years  while  atmoepherle  levels  ranged  from  O.l  to  0.4  ^m  .  Ten  workers 
•hovtd  vAtylQs  of  tOBttol  opooltya  fro*  mlauto-’OpoM  w  taoll 

rosettea,  but  these  opacities  were  so  alight  that  no  of  foot  was  datoctable  on 
visual  acnity.  In  502  of  thooe  with  tho  poripberal  Iona  opaeitiea,  «ha 
density  was  so  slight  that  no  shadow  wna  seen  in  fundus  roflox  photography. 
Thert  bavs  been  no  raperts  in  ths  litaratura  nor  in  occupational  hoaltb 
surveys  on  the  occurrence  of  eataraecs  In  sunicioas  workaro  In  the  United 
States. 

The  mechanism  of  TUT-cataract  formation  is  not  elaarly  defined.  WhUe  more 
recent  ttudiea  (Harkonen  et  al. ,  1983)  have  investigated  radical  formation, 
basad  upon  the  vulnerability  of  tha  paripheral  lane  fibers  to  offocta  of 
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p«roxid*clen,  as  a  possiblt  cause  of  TNT-rtlatad  casarsecs.  no  definitive 
conclusions  could  .be  drawn  from  tVia  lavesclja^i®*^*  Several  acudies  iaplieace 
direct  contact  and  local  absorption  as  the  probable  cause  (Kroll  and 
ICelevatylch,  1965;  Kanoilova»  1967  as  dead  in  2akharl  and  Vlllauae,  1978} « 
based  upon  the  absence  of  systSBie  affects  in  the  najority  of  the  exposed 
Indlvldusls  with  the  positive  cataract  findings.  Tbs  wesk  polarity  of  TKT 
also  supports  its  jability  to  diractly  panscrats  the  Itns. 

It  has  also  batn  found  that  individual!  deficient  in  glueoae-d-phosphete 
dehydrogenase  (C6I0)  aay  be  partUulsrly  susceptible  to  TOT  Intoxiestion.  In 
one  report  (Dierefsl  and  Vitany,  1975  aa  cited  in  Zekberi  and  Vlllaune.  1978), 
ensae  of  heoolytie  apiaodas  occurred  in  3  iadividuale  within  2  to  4  days  after 
initial  exposure  no  TOT.  Beaed  on  thase  and  slsilar  findings,  it  was 
recoBBcnded  that  detersination  of  G6pr  activity  be  aade  e  pre<-«BpleyBenc 
raquircaent  for  TOT  verkare. 

on  the  white  blood  cells  (VBCs),  as  evidenced  by  an  increaet  in  the 
large  sononuclear  leukocyte  count,  aay  also  be  aa  tarly  Indicator  of  TOT 
poisoning.  Haailtea  (1946)  raportad  that  laereasas  la  thase  cells  usually 
praceeded  eyaptoas  of  illaeaa  aniil  levels  reaalaad  alavacad  for  2  to  3  aontbs 
following  initial  occurrence  (cited  in  Zakharl  and  Vlllauae,  1978). 


hepacitie  and  aplastic  aneaia  havs  been  reported  as  the  principal  causa 
of  death  following  TOT  intoxication.  Sakharl  and  VllUuae  (1978)  ceporced 
®hat  aevaral  fatal  casae  of  aplastic  aseaia  were  esaociated  with  earllsr 
episodes  of  non-fetal  toxic  jeuadiee  or  hepacitis.  They  further  iadleated 
that  aplastic  aneaia  can  occur  after  a  latsne  paried  of  several  yaara 
following  an  attack  of  toxic  Jsundlca,  ^erplasia  of  chs  bene  aarrow  U  the 
reoction  of  the  hesspolecie  tissues  to  TOT  poleonlng. 

•  roport  prepared  by  the  Departaene  of  tha  Axay,  as  guldenee  standards  in 
ladustrUl  aadlelna  and  hygiens  (DAtcm,  1976),  gstcrointsstlnsl  syaptoaa  wars 
raportad  as  often  the  first  Indieatlen  of  toxicity.  This  report  else 
indicated  the  lack  of  a  clear  rslationehip  between  the  oecurrenee  of  the 
detaatitis  Often  eaaeciated  with  exposure  to  TOT  end  the  develepaent  of 
eysteale  effects;  eithsr  aay  axlat  in  the  abaeaee  of  the  other. 

Older  reports  on  the  adverse  health  effects  associated  with  exposure  to  TOT 
generally  did  not  include  Inforaatlen  on  workplace  eeoecatratiens .  In  one 
uneontrelled  study,  Eraakov  et  al.  (1969)  aa  cited  in  intC  (1982) ,  reported 
thatjl22  (21Z)  of  574  w^^leyeos  e^oeed  to  an  avarage  TOT  eoneeneratien  of  I 
ag/a  were  chronically  peisonod;  work  e^^osuras  ranged  froa  6  to  25  years. 

Moat  of  those  affected  had  fuaetlonal  disorders  of  ths  central  nervous  systea, 
with  22Z  (27)  having  chronic  anaala  and  leukopenia,  20Z  (24)  with  eataraeta, 
(15)  with  ayaptoas  of  bepatitle.  Mo  eoaparlaons  were  made  with 
unaxpeted  control  populations. 


VI»4 


S^vccaI  reports  of  co&croll<(i  studies  bav*  provided  some  inforasasioo  on  che 
early  and  subcllaUel  effects  Vf  TNT  exposure  (Stewart  et  al.>  1945,.  £i 
difvabi  at  al.,  1974,  and  Hathaway,  1974  as  cited  In  KRC,  l5S2t  Morton  ec  al., 
1976)  t  A  significant  finding  in  these  epidemiologic  studies  is  the  occurrence 
of  hematologic  and  hepatic  abnormalities  at  im  concentrations  well  below  the 
Permlaslble  Exposure  Limit  (PEL)  of  1.5  mg/m"^  (OSHA,  1981).  Among  the  most 
persistent  findings  were  mild  reductions  In  hautoerit  (Het)»  hemoglobin  (Hgb) 
coneencreclens  end  red  blood  cell  (RBC)  counts  of  exposed  persons.  These 
findings  bsve  been  ettributed  mostly  to  the  destructien  of  red  cells  by 
hemolysis  due  to  exposure  to  TNT  or  to  Its  metsbolitss  (Vosgtlln  et  al.,  19.2 . 
Cone,  1944,  as  cited  la  NRC,  1982;  astbaway,  1977). 

In  on#  study  cited  by  Zakhar!  and  vUUum  (1978),  s  group  of  62  undsrgrsduate 
students  were  exposed  to  atmospheric  coneentratlons  of  TNT  ranging  from  0.3  to 
1.3  mg/m^  for  approximately  33  dsys  (Stewert  et  el.*  1945).  Observed  ehsnges 
in  20Z  or  mors  of  the  subjects  included  e  deersess  in  Hgb  end  eireulstlng 
blood  cells ,  en  Inczeess  in  the  number  of  rctleulocytes ,  e  small  but 
significant  deersaas  in  plasma  pretaina  and  a  significant  Increase  in 
bUirubin.  The  suthors  Indlcstsd  thst  males  were  mors  susceptible  to  the 
hemolytic  effects  of  TNT  than  were  famales. 

Goodwin  (1972)  reported  chat,  la  a  1951  study  at  the  Lone  Star  Army  Ammunition 
Plant  (LSAAP)  in  Texatksna,  T«**s,  neen  atmospberie  contaminant  levels  for  TNT 
(dust  end  fumse)  were  2.38  mg/m  ,  with  no  exhaust  ventilation  systems  in  use. 
la  s  series  of  testa  cenductsd  under  s  Physical  Hscbeck  Examination  Program, 
Che  Thymol  Turbidity  test,  iadicstlvs  of  liver  cell  irrieetlen,  wee  used  to 
evaluate  liver  lapaitaent.  From  e  total  of  1,537  taste  tun  during  one 
screening  period,  87. 5Z  of  the  vorksrs  were  within  the  selected  normal  range 
(to  2.9  MacLagen  units)  with  no  signs  of  liver  toxicity.  Of  the  remaining 
vorksrs  with  liver  function  tests  above  the  nersMl  rengs,  from  2.9  to  >5 
MecLsgsn  units,  36  (<2.5Z)  showed  cleaaleal  aymptems  of  liver  damage.  Liver 
function  values  In  the  affseted  vorksrs,  Initially  >5  MaeLagen  unite*  returned 
to  aermal  limits  wichla  three  weeks  of  thalr  roaevel  from  the  eontaminetad 
snvironnsat. 

In  an  occupstionsl  health  study  conducted  by  the  U.S*  Army  Environmental 
Hygiene  Agency  (USAEBA)  at  4  TNT  veshout  faclllcy  et  Utterkenny  Army  Depot  in 
Pennsylvania.  Prladlandst  et  el.  (1974)  reported  that  employees  exposed  for  6 
months  to  TNT  sc  vsrleus  work  loeeciens^in  the  fseilicy  end  at  atmospheric 
levels  canting  from  <0.02  to  3.0DV  mg/m  displayed  ellnieelly  snd 
scscistlcally  signlficaat  dserseses  in  Bgh  and  Bet  lavala  whan  compared  to 
pre^xposurs  values.  Furtbstmors,  a  statistical  eompariaon  of  thsaa 
poat^expoaurc  values  with  those  of  matched  eontrola  (non^expoaed  individuals) 
sc  the  same  fselllty  indiested  s  higher  rats  of  ebaemalltioa  in  tbs  exposed 
individuals  and  mean  value  diffsreness  hetwaen  the  two  groupa. 

In  addition  to  significant  diffsreness  in  the  Hgb  and  Hct  values  (0.005  ^  p  i 
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0.01),  slgoificint  diff,r.nce$  were  else  found  in  Mr 

nlcrogen  (BUN)  (0.005  <  e  <  0  ^ 

glucose  (O.Ol  «  p  <  o.osf  “  No  reticulocytes,  eosinophils  end 

in  sevexsl  P«L.Mr.  deocnstrated 

ttUMUn...  (SCOT),  UctH  *•"“ 

(Stf).  .J»l..t.„l  ui  t6t^  Li  PtObphmt... 

deceztilned  froa  this  rcoore  if  eh.  ethers.  It  could  not  be 

dependsac.  cllalcel  f ladings  were  dose 

of  abaorael  values  among  mrkers  correlMed  dletributlon 

iovels  (froa  0.3  mg/m^  to  0  8  mm/jtvllv  ^  iecrease  ia  TNT  dust 
tocludlag  Bgb.  SCOT  and  ldS’*  iMsd^ia  thl*^  P*'^Mr«  vere  tested 
exposed  individuals  damp^zata!i  aL^i%T^*^''*^  «»“  ^KT 

(dbllity  to  identify  S^rMsiSw"  J”**-  rate 

Hgb  values  were  evaluated  ce  1001  when  tbe*w  ,**®“  i6*  when  only 

SCOT  end  LDH)  were  aaaalUT  ^  P«re».t.r.  (Ejb. 

of  the  individual  froa  sourcaa^f  axJIa«re*bJrihi*^Ji!  eecurrad  upon  reaoval 
could  not  be  deteralaad  frm  the  avriifh?!  j  *  «*>•  «i»«  required  for  recovery 
dlffereacas  could  be  found  in  the  lacideale^^r^  ^  •tociatically  aigaiflcant 
eonparcd  *a  to  aex,  aga  or  racr  but  mmM  ^  ^wraalitlaa  vhaa  rasults  varc 
sufficlaat.  •  ®*’  ■«Plln8  tida  nay  not  have  bean 


tba  tljta  of  laeraaaad  TIW  prodweion  (atiSSjriJT*  **  >»ior  to 

vlth  thoa.  on.  ««th  f  tar  pro^^o 

xg/tt^)  indleatad  a  •tatlatleally  I!!"*  (•t*e*Phtrlc  lav.l.  of  0.8 

end  SCOT  levalg.  <p  <0.0l)  foliowin.*^  .***  iaeraaea  la  LOB  lavala  <p  <O.OOS) 

iwrM..  to  bock  th«  «lib^i^,iSL?  *?'?“/«  •!••  »«)•  Ibto 
4««rM  Df  th.  Ml.  |**®*“1  ““  Mtolt.  tod  eh. 

of  TST,  loading  tha  authors  to  ****  oeMspherlc  lavals 

vdito  (ii»,  .f 

i-itb  .«»v. ..  to., 

626  esployasa  aapeaed  to  ena  or  nora^a^M**^  epidanloloflcal  at^y  Involving 

dbd  8<3  noa-tototod  torlcTMd  (rJTs  ^  ^  cwpetod.  (mi.  mx".  ^MI“^ 

»u.M,  i»7S).  *u  toSSdSii^to  **•“•  “““  •“ 

catrazollaa)  '®®**'y*®*l»3,5,.-tatraalcro-l,3,5,7- 

Jdltot.  Xdto,  lotod,  Vdltoto,,  tod  loUtod 
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\  iti«s .  Nc  •vidence  of  liver 

iHgb.  Hot  end  reticulocyce  „  Studied.  This  result  appears  to  be 

toxletty  «»8  indicated  by  t  ^  toxicity  In  the  KAAP  study, 

in  contrast  to  the  positive  f^^*^"**  .^^ional  study  uere  generally  ‘0.5 
However,  exposure  levels  ^  ^  workers  exposed  at  levels  >0.5 

ag/Bu  with  only  approxiaately  L2  .pptoxiwitely  0.8  ng/a  • 

M/v?  while  at  KMJ,  exposure  "3  5,  considered  a 

iJcordlngly.  the  author,  indicated 

reasonable  no  effect  level  for  hepatotexiclty . 

Oa  the  other  hand,  a  significant 

workers  exposed  in  thU  1  *  done  response  relationship  for 

.g/n\  This  positive  effsdt  «« “^^dtly 

all  three  paraaet.rs  and  TST  elpesure  (<0.5  ng/a^  aay  induct  a 

suggestad  to  the  euthora  that  low  Is  .iticulocytosis.  It  «as  not 

possible  to  detetalne  a  no  effact  lev^  y.5.«pi«nded  that  the  ILV  for  THT  in 
,cudy.  A.  .  of  1„,1  ,£  1.5  «/•’  w  .  l.v.i  of 

Standard  for  TOT. 

B.  Haalrh  Efferrii  in  Aniaal  Experiaente 
1.  Short«Teta  Exposure 

AS  indicated  by  etudles  Screases  in  body 

dietary  intake  of  TOT  "‘thf  r  in  the  urine  persisted 

weight  end  food  Intske  whUe  the  red  inconsistent  while 

throughout.  Soae  sneala  wse  ^  ^  npeclee.  kata  developed 

heaosideroeie  of  the  .^aaerUes  those  toxicity  studUa. 

teetlculer  atrophy.  Table  vi  i  sh» 

—1  »««4^fcirv  et  TUI  In  Charles  kiver 
Lee  et  al.  (1975)  deterained  jnsted  for  st  leset  16 

CD  rate  end  albino  Swlee  alee.  ^tth  a  A.  12X  saturated 

bouts  prior  to  dosUg  by  ^*****”  trestaent.  the  survivors  were  obeerved 
solution  of  THT  in  psanut  oil.  Ths  LD-q  was 

dally  for  lA  days  for  daUyed  „tl^f  naximua^Slhsllhood  of 

cslculstad  by  a  coaput.t  progrsa  b...d  on  the  ..thod 

Flnnay  (1971). 

t  —a  {•■ale  rats  wars  l.OlO  and  g20  ag/kg. 

Ths  acute  valuee  in  sale  and  f  ^  ag/kf# 

s,— .tid  d  f..  f  « 

inhibition  occurrad  within  5  to  15  4ue  to  respiratory  paralyeis 

rhoure.  Doath.  when  it  kscovety  wa.  coapl.t. 

while  survivors  eppesred  ,  srtributsble  to  treatment  wea  noted, 

in  2A  CO  At  hours.  Ko  gross  pethology  sttrlbutaoie 
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16,0  Operations  Manual 

16.1  Process  Description 

Red  water  is  fed  to  the  CBC  where  it  is  thermally  treated.  Combustion  by-products  (ash)  and 
bed  material  are  indirecfly  cooled  with  water  in  the  ash  cooler  conv^or.  The  combustion  gas 
is  cooled  in  the  partial  quench  and  cleaned  in  die  baghouse. 

The  feed  system  conveys  red  water  to  the  CBC.  The  red  water  enters  the  CBC  at  the  loop- 
seal.  Miring  and  blending  occur  inside  the  CBC  because  of  the  turbulence  of  the  combustion 
air  and  the  circulating  media. 

The  auxiliary  fuel  is  natural  gas,  which  can  be  fired  in  the  start-up  burner  or  fed  directly  to 
the  CBC.  The  start-up  burner  is  mounted  in  the  CBC  wind  box  and  has  a  maximum  capacity 
of  5  MMBtu/hour. 

At  temperatures  greater  than  1300°F,  auxiliary  fuel  is  fed  directly  to  the  CBC,  where  4 
MMBtu/hour  of  auxiliary  fuel  can  be  fed  directly  to  the  CBC. 

Primary  air  is  provided  to  the  start-iq>  burner  by  the  combustion  air  blower.  Fluidizing  air 
(secondary  air)  is  fed  directly  to  the  CBC  wind  box  by  the  combustion  air  blower.  The 
quantities  of  fuel  and  air  fed  to  the  CBC  are  carefully  monitored  and  controlled  to  maintain 
the  CBC  combustion  chamber  flow  rate  and  temperature. 

Ash  and  bed  material  are  discharged  fiom  the  CBC  by  the  ash  cooler  conveyor.  The  CBC 
off-gases  are  ducted  to  the  partial  quench  where  they  are  cooled  to  about  400®F.  The  cooled 
combustion  gases  pass  through  the  baghouse  where  mote  than  99  percent  of  die  particulate  is 
removed.  The  cleaned  combustion  gases  then  pass  through  the  I.D.  fan  and  exit  at  the  stack. 

The  components  of  the  CBC  system  ate  illustrated  on  the  PFD  D-00-10-(X)1.  This  drawing 
includes  a  typical  M&EB  for  the  CBC  system  and  the  design  flows  and  conditions.  The 
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piping,  instnimentation,  and  controls  associated  with  the  CBC  are  shown  in  the  following 
P&IDs: 

•  D-20-11-001 

•  D-20-1 1-002 

•  D-50-11-001. 

16.2  Process  Control  Description 
16.2.1  Process  Control  Overview 

The  CBC  thermally  treats  red  water  and  produces  ash.  The  CBC  operates  with  a  constant 
flow  rate  of  combustion  gases  in  die  CBC  combustion  chamber.  Ash  and  bed  material  is 
discharged  into  the  ash  cooler  conveyor  for  cooling  and  storing.  Ash  from  the  baghouse  is 
discharged  through  four  rotary  valves  into  a  storage  bin. 

Combustion  gases  from  the  combustion  chamber  pass  through  a  cyclone  that  s^arates  the 
entrained  bed  material  from  the  combustion  gases.  The  bed  matPirial  is  returned  to  the 
combustion  chamber  through  the  loc^-seal.  The  CBC  off-gases  exit  the  CBC  by  a  refractory- 
lined  duct  that  coimects  the  CBC  to  the  partial  quench.  The  partial  quench  cools  the 
combustion  gases  to  q^roximately  400°F.  The  cooled  combustion  gases  go  to  the  baghouse 
where  more  than  99  percent  of  die  particulate  is  removed.  The  cleaned  combustion  gases 
then  pass  through  the  IT),  fan  and  exit  from  the  stack. 

A  negative  pressure  is  maintained  in  the  CBC  by  adjusting  die  inlet  vane  damper  to  the  LD. 
fan.  The  combustion  gas  flow  rate  in  die  combustion  chamb^  is  maintained  by  adjusting  die 
damper  on  the  combustion  air  blower.  The  dP  across  the  bed  is  maintained  by  adding  or 
removing  bed  materi^  from  the  CBC. 

The  CBC  uses  natural  gas  as  the  auxiliary  fuel.  Combustion  chamber  temperature  is 
controlled  by  adjusting  die  auxiliary  fuel  firing  rate.  The  partial  quench  exit  gas  temperature 
is  controlled  by  varying  the  quench  water  flow  rate. 
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The  red  water  feed  rate  to  the  CBC  is  controlled  by  a  control  valve  in  the  feed  line.  The  red 
water  feed  rate  is  limited  by  die  concentration  of  oxygen  in  the  stack. 

16.2^  CBC  Start-Up  Burner  System  Controls 

The  air-to-fiiel  ratio  in  a  burner  is  critical  to  the  safe  operation  of  a  combustor.  The 
air-to-fiiel  ratio  for  the  CBC  start-up  burner  is  strictly  based  on  the  flow  rate  of  natural  gas  to 
the  main  burner.  The  combustion  air  is  provided  by  the  combustion  air  blower.  The  fuel 
flow  signal  is  transmitted  to  the  air-to-fuel  ratio  controller  (FFIC-204)  in  the  central  control 
system  (CCS).  Based  on  the  ratio  set  by  the  operator,  the  FFIC-204  (ratio  controller) 
modulates  the  damper  (FV-204)  on  the  combustion  air  blower  discharge,  modulating  the 
primary  air  flow. 

Start-Up  Burner  Flameout.  A  flame  scanner  (BE-209)  scans  the  stan-up  burner.  When 
flame  scanner  BE-209  detects  that  the  CBC  start-up  burner  flame  is  extinguished,  the 
following  results  occur 

•  Fuel  gas  (natural  gas)  is  isolated  from  the  CBC  via  double  block  and  bleed 
Maxon  valves  YV-209A,  B,  and  C. 

•  Primary  combustion  air  control  valve  (FV-204)  goes  to  its  low  fire  position. 

16.2.3  CBC  Primary  Fuel  System  Controls 

At  temperatures  greater  than  1300°F,  the  auxiliary  fuel  wiU  be  fed  directiy  to  the  CBC.  At 
these  temperatures,  the  auxiliary  fuel,  natural  gas,  will  autoignite;  therefore,  standard  burner 
management  practices  are  not  practical  or  required. 

Primary  Fuel  Air-tO-Fuel  Ratio  Control.  The  air  flow  rate  to  the  CBC  is  adjusted  to 
control  the  combustion  gas  velocity  in  the  combustion  chamber.  The  only  adjustment  of  the 
primary  fuel  air-to-fuel  ratio  is  the  minimum  oxygen  limit  at  the  stack. 

Primary  Fuel  Flameout.  The  primary  fuel  will  be  fed  directiy  to  the  CBC  at  temperatures 
greater  than  1300°F,  which  is  more  than  the  autoignition  temperature  of  natural  gas. 
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Therefore,  a  primary  fuel  flameout  is  impossible  and  there  are  no  flame  detection  devices 
used  or  required. 

75.2.4  CBC  Combustion  Chamber  Temperature 

The  CBC  ccmbustion  chamber  temperature  is  controlled  by  modulating  the  amount  of 
auxiliary  fuel  added  to  the  combustion  chamber.  Because  of  the  long  solids  retention  time 
(typically  more  than  20  minutes),  the  ash  temperature  is  equal  to  the  combustion  chamber 
temperature. 

The  CBC  combustion  chamber  temperature  is  sensed  by  two  redundant  thermocoiq>les 
(TE-203A  and  B)  located  in  the  CBC  combustion  chamber.  During  routine  (^ration,  the 
circulation  of  die  bed  media  tend  to  equalize  the  temperature  throughout  the  CBC.  The 
temperature  will  be  relatively  constant  in  the  combustion  chamber,  the  cyclone,  and  the  loop- 
seal. 

During  routine  operation,  the  CBC  combustion  chamber  temperature  is  controlled  by 
modulating  the  flow  of  auxiliary  fuel  to  the  CBC.  If  the  gas  temperature  falls,  temperature 
conttoUer  TIC-203  will  increase  the  flow  of  auxiliary  fuel  to  the  CBC  by  flow  controller 
FIC-219,  which  controls  the  auxiliary  fuel  valve  (FV-219). 

75.2.5  CBC  Combustion  Chamber  Pressure  Controi 

The  pressure  inside  the  CBC  is  maintained  slightly  below  atmospheric  pressure.  CBC 
pressure  is  sensed  by  PIT-210  located  in  the  loop-seal.  The  pressure  is  controlled  by  PIC- 
210,  which  adjusts  the  pressure  control  valve  (PY-501), 

75.2.5  Differential  Pressure  Across  the  Bed 

For  proper  operation  of  the  CBC,  it  is  necessary  to  maintain  the  appropriate  dP  across  die  bed 
and  to  routinely  provide  fresh  material  to  die  bed.  The  dP  across  the  bed  is  measured  by 
PDlT-206.  The  dP  across  the  bed  is  increased  by  adding  bed  material  and  is  decreased  by 
operating  the  ash  cooler  conveyor  (H-2001). 
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16.2.7  Combustion  Gas  Velocity 

The  combustion  gas  velocity  is  maintained  at  a  constant  5,030  adhn.  This  velocity  is 
measured  by  a  portable  pilot-tube  at  the  exit  of  the  cyclone.  Flow  controller  (FFIC-204) 
adjusts  the  flow  valve  (FV-204)  to  control  the  combustion  gas  velocity. 

16.3  CBC  Syst&n  Start-Up 

16.3.1  Introducbon 

The  procedures  provided  in  this  section  are  supplements  to  die  procedures  diat  will  be 
described  in  the  equipment  vendors’  manual.  The  procedures  in  the  vendors’  manual  should 
be  consulted  and  followed  as  appropriate. 

The  following  utilities  must  be  available  before  attempting  to  start  diis  area  of  the  plant: 

•  Electrical  power  -  normal  and  uninterrupted  power  supply  (UPS) 

•  Instrument  air 

•  Plant  air 

•  AuxiUaiy  fuel  -  natural  gas. 

16.3.2  Start-Up  Procedure  Summary 
16.3.2.1  Cold  Start  Procedure  Summary 

The  following  summaiy  procedure  assumes  diat  die  CBC  refractory  does  not  require  curing: 

1.  Check  that  the  ash  syst^  is  operational. 

2.  Start  the  combustion  air  blower  (B-2001)  by  pushing  the  start  button 
(HS-204). 

3.  Start  the  I.D.  fan  (B-5001)  by  pushing  the  start  button  (HS-501). 

4.  Start  the  loop-seal  blower  (B-2()02)  by  pushing  the  start  button  (HS-207). 

5.  Add  the  bed  material  to  the  CBC  until  the  dP  across  the  bed  is  more  than  20 
in.  w.c.  on  PDIT-206. 
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6.  Check  that  water  is  available  to  the  quench. 

7.  Check  that  process  air  is  available  to  the  baghouse. 

8.  Light  the  start-up  burner  by  pressing  the  stan  button. 

9.  Gradually  increase  natural  gas  flow  manually  to  the  start-up  burner  according 
to  the  recommended  refractory  heat  up  schedule. 

10.  When  the  CBC  reaches  1300®F,  put  the  start-up  burner  in  manual  (FIC-209). 

11.  Initiate  the  flow  of  primary  fuel  to  the  CBC  by  pressing  HS-219. 

12.  Gradually  increase  the  flow  of  primary  fuel  (FIC-219)  to  the  CBC  until  the 
start-iq>  burner  is  at  low-j5re. 

13.  Shut  off  the  start-up  burner. 

14.  Increase  primary  fuel  firing  rate  manually  until  all  normal  operating  set  points 
are  met  (e.g.,  1600®F  in  the  CBC  combustion  chamber  temperature). 

15.  After  all  set  points  are  met,  start  the  red  water  feed  at  a  reduced  rate. 

Monitor  CBC  combustion  chamber  temperature  manually  by  adjusting  the 
primary  auxiliary  fuel  firing  rate  tising  FIC-219.  Watch  for  .slagging  and 
overheating  of  the  CBC. 

16.  Gradually  increase  the  red  water  feed  rate  while  monitoring  the  stack  gas 
oxygen  concentration.  The  maximum  red  water  feed  rate  will  be  obtained 
when  the  feed  rate  is  equal  to  the  permit  feed  limit  or  the  stack  oxygen/ 
concentration  is  equal  to  3  percent  oxygen. 

17.  Adjust  TIC-203  output  to  agree  with  FIC-219  set  point,  and  switch  FIC-219 
to  automatic/cascade  control.  Switch  TIC-203  to  automatic^ocal  with  its  set 
point  agreeing  with  the  exit  gas  temperature.  TIC-203  will  then  modulate  the 
set  point  to  FIC-219  to  increase  or  decrease  the  firing  rate  to  the  start-iq) 
bmner  to  maintain  CBC  off-gas  temperature  at  the  set  point. 
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16.3^.2  Hot  Start  Procedure  Summary 

After  an  emergency  shutdown,  the  CBC  can  be  restarted  as  follows: 

1.  Check  diat  all  combustion  air  blowers  are  operating. 

2.  Check  that  the  CBC  ancillaty  equipment  is  operating. 

3.  Re-light  the  start-iq>  burner. 

4.  Re-establish  CBC  temperature  and  waste  feed  rate  by  following  the  last  eight 
stqjs  in  Section  16.3.2.1,  Cold  Start  Procedure  Summary. 

16.3^.3  Start-Up  During  Hot  Idle 

To  start-up  from  hot  idle,  follow  Steps  10  through  17  of  Section  16.3.2.1,  Cold  Start  Proce¬ 
dure  Summary. 

16.32.4  Refractory  Curing 

General  Information.  The  main  purpose  for  drying  out  a  CTC  or  any  other  piece  of 
refractory-lined  process  equipment  before  making  it  operational  is  to  remove  the  residual 
moisture  in  the  brick,  mortar,  and  castable.  This  moisture  must  be  removed  slowly  enough  to 
ensure  that  steam  is  not  generated  within  the  lining.  Such  steam  generation  can  rupture  die 
lining  and  cause  the  refractory  to  fracture. 

The  general  and  recommended  practice  is  to  heat  the  refractory-lined  equipment  slowly, 
bringing  the  temperature  iqj  gradually  and  in  specific  increments.  As  the  temperature  is 
raised,  it  is  also  kept  at  certain  levels  for  specified  lengths  of  time. 

When  the  drying  out  process  is  completed,  it  is  desirable  for  the  plant  to  be  in  a  position  to 
raise  temperature  to  process  levels  and  to  go  into  production. 

The  entire  drying  out  process  has  to  be  coordinated  and  a  close  chedc  kept  on  all  of  the 
temperature-indicating  devices  in  the  system  to  ensure  diat  temperatures  at  any  point  do  not 
exceed  equipment  capabilities. 
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Equipment  to  be  Dried  Out.  The  following  pieces  of  equipment  are  refractoiy-lined  and 
will  require  various  degrees  of  drying  out: 

•  GBC  -  including  combustion  chamber,  cyclone,  and  loop-seal 

•  Discharge  duct 

•  Quench. 

Drying  Out  All  of  the  equ^ment  can  be  dried  out  by  introducing  heat  throu^  the  stan-up 
burner.  Follow  system  start-iq>  procedure  provided  in  Section  16.3.2.1,  Cold  Start  Procedure 
Summary,  to  light  the  burner.  The  CBC,  the  discharge  duct,  and  the  quench  can  be  cured 
simultaneously. 


The  following  drying  schedule  is  to  be  followed  unless  the  supplier’s  recommendations  are 
more  stringent: 

1.  After  all  refiractoiy  work  has  been  completed,  let  it  air  dry  for  at  least  24 
hours.  If  there  is  any  visible  moisture  on  the  refractory  surface,  such  as  wet 
grout,  continue  air  drying. 

2.  Using  the  start-up  burner  at  a  very  low  setting,  hold  the  CBC  combustion 
chamber  temperature  at  150°F  as  shown  on  the  CBC  exit  thermocoiq>le  for  12 
hours.  Combustion  air  flow  rate  can  be  used  to  help  keep  the  temperature 
down. 

3.  With  the  start-up  burner,  raise  the  temperature  ^roximately  50°F  per  hour 
to  300®F  (3  hours). 

4.  Hold  the  temperature  at  300®F  for  12  hours. 

5.  Increase  the  temperature  50°F  per  hour  to  600®F  (6  hours). 

6.  Hold  the  temperature  at  600®F  for  12  hours. 

7.  Increase  Ae  tmnperature  50®F  per  hour  to  1000®F  (8  hours). 

8.  Raise  Ae  CBC  combustion  chamber  temperature  (now  at  lOOO^F)  approxi¬ 
mately  50®F  per  hour  to  1250®F  (5  hours)  and  hold  at  1250°F  for  6  hours. 
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9.  Raise  the  CBC  combustion  chamber  temperature  approximately  50°F  per  hour 
to  1500°F  (5  hours).  The  refractory  should  now  be  dry  and  the  equ^ment 
should  be  ready  to  be  put  into  operation.  It  is  recommended  that  the  equip¬ 
ment  be  put  into  operation  without  cooling  the  refractory.  If  the  equipment  is 
not  going  to  be  put  into  operation,  begin  cool  down  at  a  rate  of  50®F  per 
hour. 

Cautions: 

-  During  dryout,  be  eqjecially  careful  not  to  exceed  temperature  limitations 
of  other  equ^ment  in  the  system  (fan,  scrubber,  etc.). 

-  If  steam  is  noticed  during  the  dryout,  hold  at  that  temperature  until  the 
steaming  stops. 

-  If  the  dryout  is  mterrupted,  restart  the  dryout  at  the  last  fully  completed 
portion  of  the  dryout  schedule. 

-  Do  not  shock  refractory  with  either  heat  or  cold;  gradually  heat  up  or  cool 
down  refractory  at  approximately  50®F  per  hour. 

If  installed  refractory  material  gets  wet,  gradually  heat  it  iq>  and  dry  it  out 
at  qjproximately  50^  per  hour.  If  steam  is  noticed  during  heat¬ 
up/dryout,  hold  at  that  temperature  until  the  steaming  stops. 
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17.0  Performance  Test  Plan 

17.1  Introduction 

Red  watra^  is  the  aqueous  effluent  generated  during  sellite  purification  of  crude  TNT.  Red 
water  is  a  reactive  hazardous  waste,  EPA  Hazardous  Waste  number  K047.  To  destroy  red 
water,  a  CBC  is  being  designed. 

After  construction  of  the  CBC  is  completed,  the  unit  will  be  started  and  operational  defects 
identified  and  corrected.  When  the  CBC  is  operationally  ready,  the  test  program  will 
commence.  The  test  program  is  designed  to  optimize  the  p^ormance  of  the  CBC  and  to 
demonstrate  the  ability  of  the  CBC  to  meet  regulatory  and  warranty  performance  limits. 

The  test  program  will  consist  of  three  distinct  test  phases: 

•  Start-iq)  test 

.  Shakedown  test 

•  Performance  test. 

17.1.1  Start-Up  Test 

After  construction  of  tiie  CBC  is  completed,  the  unit  will  be  started  on  auxiliary  fuel  and  die 
mechanical,  electrical,  instrumentation,  and  control  system  will  be  checked  out. 

17.1.2  Shakedown  Test 

After  the  completion  of  the  start-up  test,  tiie  shakedown  test  will  begin.  During  the  shake- 
down  test,  the  (^timum  CBC  operational  parameters  and  the  performance  limits  will  be 
determined.  The  shakedown  test  will  have  two  separate  segments: 

•  Tests  that  can  be  conducted  when  operating  on  only  auxiliary  fuel 

•  Tests  that  require  the  CBC  to  be  combusting  auxiliary  fuel  and  red  water. 
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T7.7.5  Performance  Test 

The  peifoimance  test  will  be  conducted  on  the  CBC  after  the  completion  of  the  shakedown 
test.  During  the  performance  test,  the  CBC  will  be  tested  for  its  ability  to  meet  regulatory 
and  warranty  performance  requiremrats. 

This  document  presents  the  basic  outline  for  the  start-iqj,  shakedown,  and  performance  tests, 
and  is  not  intended  to  serve  as  the  Trial  Bum  Plan.  A  sqjarate  Trial  Bum  Plan  must  be 
prepared  during  the  RCRA  permitting  process. 

17.2  CBC  Process  Description 

17.2.1  Type  of  Indnerator 

The  CBC  incinerator  consists  of  a  combustion  chamber,  a  hot  cyclone,  and  a  loop-seal.  Bed 
material  is  fluidized  with  air  in  the  combustion  chamber.  The  bed  material  is  blown  out  of 
the  combustion  chamber  to  the  hot  cyclone.  The  hot  cyclone  sq>arates  the  combustion  gases 
and  the  bed  material.  The  bed  material  is  sent  to  the  loop-seal  and  returned  to  the  combus¬ 
tion  chamber.  The  combustion  gases  exit  the  cyclone  to  the  APCS. 

17.2.2  Description  of  the  Auxifiary  Fuei  System 

The  start-up  burner  is  a  5  MBtu/hr  burner  mounted  in  a  duct  attached  to  Ihe  wind  box.  This 
burner  uses  natural  gas  as  the  auxiliary  fuel  to  heat  die  combustion  air.  At  temperatures 
above  1300*T^,  the  auxiliary  fuel  (natural  gas)  is  fed  direcfly  to  die  tuyeres. 

17.2.3  Capacity  of  the  Prime  Mover 

The  CBC  prime  mover  is  an  induced  draft  fan  rated  at  5,000  acfin  at  50  inches  water  colurrm. 

17.2.4  Description  of  the  Waste  Feed  System 

The  CBC  is  designed  to  thermally  treat  red  water.  The  red  water  is  fed  by  a  pump  to  the 
feed  port  located  on  the  loop-seal. 
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17.2^  Treated  Material  Handling  System 

Treated  material  (ash  and  spent  bed  material)  from  the  CBC  drops  into  the  ash  cooler 
conveyor.  The  ash  cooIct  conveyor  is  a  screw  conveyor  that  cools  the  ash  and  places  the  ash 
in  the  ash  bin. 

17.2£  Description  of  the  Automatic  Waste  Feed  Cutoff  System 

The  primary  frmction  of  die  automatic  waste  feed  cutoff  (AWFCO)  system  is  to  prevent  the 
feeding  of  red  water  if  the  (ZBC  process  conditions  are  outside  of  the  permitted  operating 
limits.  During  the  start-iq>  and  shutdown  of  the  incinerator  or  during  process  iqisets,  the 
interlocks  automatically  stop  all  waste  feed  systems  and  prevent  their  restart  until  the  GBC  is 
within  the  required  operating  limits. 

When  waste  feeds  are  stopped  due  to  an  AWFCO  interlodc,  amdliary  fuel  (natural  gas)  will 
continue  to  be  fired  to  maintain  operating  temperatures.  With  the  exception  of  the  waste  feed 
components,  the  system  will  remain  entirely  operational.  Waste  feeds  will  not  be  restarted 
imtil  the  problem  that  caused  the  AWFCO  condition  has  been  resolved  and  all  operating 
permissives  are  achieved  (as  with  a  normal  start-up). 


A  discussion  of  the  proposed  AWFCO  parameters  follows.  The  actual  values  for  each  of 
these  parameters  may  vary  during  the  detailed  design  of  the  CBC. 

•  Combustion  Chamber  Temperature  -  The  combustion  chamber  temperature  is 
measured  by  a  shielded  thermocouple  located  in  the  CBC  bed  material.  When 
the  combustion  chamber  temperature  falls  below  1500  ®F  or  rises  above  1700°F, 
the  red  water  feed  to  the  CBC  will  be  automatically  stopped. 

•  Maximum  Combustion  Chamber  Pressure  -  To  prevent  fugitive  emissions,  if  the 
pressure  in  the  CBC  exceeds  minus  0.08  in.  w.c.,  as  measured  at  the  feed  port  in 
the  loop-seal,  all  waste  feeds  will  be  automatically  stopped. 

•  Combustion  Gas  Temperature  After  the  Clench  -  The  quench  cools  and  saturates 
the  hot  gases  exiting  the  CBC.  This  prevents  damaging  the  bags  in  the  baghouse 
with  hot  combustion  gases.  If  the  gases  leaving  the  quench  chamber  exceed 
450  ®F  or  the  filter  bag  manufacturer’s  recommended  temperature  limit,  the 
waste  feeds  will  be  automatically  stopped. 
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•  Combustion  Gas  Velocity  (CGV)  -  A  flow  sensor  located  in  the  stack  after  the 

I JD.  fan  will  measure  the  CGV.  AH  waste  feeds  will  be  automatically  stopped  if 
the  CGV  exceeds  3,500  acfm  on  a  10-minute  rolling  average  basis. 

•  Carbon  Monoxide  -  CO  concentrations  are  measured  in  the  stack.  All  waste 
feeds  will  be  automatically  stopped  if  the  CO  concentration  exceeds  100  ppm  on 
a  1-hour  rolling  average,  corrected  to  7  percent  O2,  dry  basis. 

•  Additional  parameters  determined  during  detailed  design  and/or  preparation  of 
the  trial  bum  plan. 

17^.7  Combustion  Gas  Monitoring  and  Air  Poiiution  Controi  System 

Combustion  Gas  Monitoring.  The  combustion  gas  is  continuously  monitored  for  CO  and 
O2  in  the  stack. 

Air  Poiiution  Controi  System.  In  the  ARCS,  die  combustion  gases  are  partially  quenched 
and  filtered  to  remove  particulates.  An  I.D.  £m  maintains  sub-atmospheric  pressures  through¬ 
out  the  incineration  system  and  provides  the  motive  force  for  the  scrabber  system. 

The  major  equqnnent  components  that  comprise  the  air  pollution  control  system  include  the: 

•  Partial  quench 

•  Baghouse 

•  IJ3.  fan 

•  Stack 

The  quench  column  uses  water  to  cool  the  combustion  gas  fiom  the  combustion  chamber 
temperature  to  tqiproximately  400®F.  The  particulate  in  the  cooled  combustion  gases  are  then 
removed  in  the  baghouse.  The  LD.  fan  provides  a  negative  draft  on  the  CBC  system  and 
pulls  die  combustion  gas  dirough  the  APCS. 

17.3  Start-Up  Test 

After  completion  of  die  constraction  of  the  CBC,  the  incinerator  will  be  started  on  auxiliary 
fuel.  The  CBC  start-i^  operating  conditions  are  presented  in  Table  17-1.  These  values  may 
be  modified  during  the  detailed  design  of  the  CBC. 
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Table  17-1 


Start-Up  and  interim  Operating  Conditions 


Parameter 

Operating  Condition^ 

Group  A  Parameters 

Minimum  CBC  temperature 

1500®F 

Maximum  CBC  temperature 

1800“F 

Maximum  CBC  pressure 

-0.08  in.  w.c. 

Maximum  red  water  feed  rate 

1.5  gpm 

Maximum  combustion  gas  velocity  (10-minute  rolling  average) 

3,450  acfm 

Maximum  stack  gas  CO  concentration  (1-hour  rolling  average,  dry  basis, 
corrected  to  7%  oxygen) 

100  ppm 

Group  B  Parameters 

POHC  incinerability  limits 

To  Be  Determined^ 

Maximum  chlorine  feed  rate 

To  Be  Determined^ 

Maximum  antimony  feed  rate 

To  Be  Determined** 

Maximum  arsenic  feed  rate 

To  Be  Determined** 

Maximum  barium  feed  rate 

To  Be  Determined** 

Maximum  beryllium  feed  rate 

To  Be  Determined** 

Maximum  cadmium  feed  rate 

To  Be  Determined** 

Maximum  chromium  feed  rate 

To  Be  Determined** 

Maximum  lead  feed  rate 

To  Be  Determined** 

Maximum  mercury  feed  rate 

To  Be  Determined** 

Maximum  silver  feed  rate 

To  Be  Determined** 

Maximum  thallium  feed  rate 

To  Be  Determined** 

Group  C  Parameters 

Maximum  combustion  gas  temperature  after  the  quench 

450®F 

^he  values  given  in  this  table  are  estimates  that  may  vary  during  the  actual  trial  bum. 
“To  be  determined  during  the  preparation  of  the  Trial  Bum  Plan. 
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During  the  start-up  of  the  CBC,  all  of  the  mechanical,  electrical,  instrumentation,  and  control 
systons  will  be  checked  for  conformance  with  the  design  and  warranty  specifications.  The 
specific  requirements  of  the  start-up  test  program  will  be  detennined  during  the  CBC  detailed 
design. 

17.4  Shakedown  Testing 

After  the  completion  of  tiie  start-up  testing,  the  shakedown  testing  will  occur.  RCRA 
regulations  st^ulate  that  the  CBC  may  be  operated  on  red  water  for  up  to  720  hours  before 
the  trial  bum.  Therefore,  the  shakedown  testing  will  be  divided  into  two  types  of  tests:  tests 
that  can  be  conducted  on  auxiliary  fuel  only  and  tests  that  require  the  combustion  of  the 
waste  stream  (red  water)  in  addition  to  the  auxiliary  fuel. 

17.4.1  Tests  to  be  Conducted  When  Operating  on  Auxiliary  Fuel  Only 

All  of  the  shakedown  testing  to  be  conducted  while  operating  on  only  auxiliary  fuel  ^ould  be 
completed  before  red  water  is  fed  to  the  CBC.  The  following  operational  parameters  will  be 
studied  while  only  operating  on  auxiliary  fuel: 

•  Optimal  Bed  Depth  -  The  bed  depth  is  measured  as  die  pressure  drop  across  the 
combustion  chamber.  The  greater  the  pressure  drop,  typically  measured  in  in. 
W.C.,  the  greater  the  bed  dqith.  If  the  bed  depth  is  too  low,  the  CBC  bed 
material  will  not  circulate  properly.  If  the  bed  depth  is  too  high,  greater  quan¬ 
tities  of  bed  materials  will  be  carried  over  to  the  APCS,  increasing  die  parti¬ 
culate  burden  to  the  APCS  and  requiring  frequoit  addition  of  fresh  bed  matitTial 
to  the  combustion  chamber.  During  the  shakedown  testing,  die  impact  of 
varianems  in  the  bed  depth  to  the  performance  of  the  CBC  and  the  APCS  will  be 
studied  and  die  optimum  operational  ranges  detennined. 

•  Optimum  Gas  Velocity  in  the  CBC  -  The  gas  velocity  in  the  combustion 
chamber  of  the  CBC  will  be  studied.  If  the  gas  velocity  is  too  low,  the  CBC 
bed  matoial  will  not  circulate  properiy.  If  the  gas  velocity  is  too  high,  greater 
quantities  of  bed  materials  will  be  carried  over  to  the  APC!S,  inerfiaxing  the 
particulate  burden  to  the  APCS  and  requiring  frequent  addition  of  fresh  bed 
material  to  the  combustion  chamber.  During  the  shakedown  testing,  the  impact 
of  variations  in  the  gas  velocity  to  the  performance  of  the  CBC  and  the  APCS 
will  be  studied  and  the  c^timum  operational  ranges  determined. 
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•  Loop-Seal  Perfoimance  -  The  perfoimance  of  the  loop-seal  at  varying  loop-seal 
fluidizing  are  flow  rates  will  be  assessed. 

•  Optimum  Air  to  Doth  Ratio  in  the  Baghouse  -  By  closing  off  baghouse  bags  or 
a  baghouse  module,  the  air  to  cloth  ratio  in  the  baghouse  will  be  varied.  The 
impact  of  die  variations  in  the  air  to  cloth  ratio  on  baghouse  performance  will  be 
determined. 

17.4^  Tests  to  be  Conducted  When  Operating  on  Auxiliary  Fuel  and  Red  Water 

The  following  parameters  will  be  studied  during  the  shakedown  testing  while  combusting  red 
water  and  auxiliary  fuel: 

•  CEM  Performance  -  A  relative  accuracy  test  audit  (RATA)  will  be  conducted  on 
the  CEMs.  The  RATA  will  follow  the  procedures  presented  in  40  CFE  60 
Appendix  B  and  Methods  Manual  for  Compliance  with  the  BIF  Regulations, 
EPA/530-SW-91-010. 

•  Appropriate  Bed  Material  Selection  -  The  optimum  bed  material  is  resistant  to 
abrasion  and  chemically  neutral.  Bed  materials  that  are  not  resistant  to  abrasion 
will  increase  the  particulate  burden  to  the  APCS  and  require  frequent  additinns 
of  bed  material  to  the  CBC.  Bed  materials  that  are  not  chemically  inert  will 
chemically  combine  with  components  in  die  waste  feed  to  form  low  melting 
point  materials.  These  low  melting  point  materials  will  lead  to  the  solidification 
of  the  bed  material,  and  the  resulting  shutdown  of  the  CBC  for  removal  of  die 
aggregate  solid  bed  material.  During  die  shakedown  testing,  the  selected  bed 
material  wfll  be  tested  for  resistance  to  abrasion  and  the  formation  of  eutectic 
mixtures. 

•  Use  of  Limestone  to  Reduce  sulfur  dioxide  (SO2)  Emissions  -  During  the  start-up 
testing,  the  SO2  emissions  will  be  measured  and  ctmipared  to  regulatory  criteria. 
If  the  SO2  emissions  are  greater  than  the  regulatory  criteria,  then  the  impact  of 
limestone  addition  to  the  SO2  emissions  will  be  studied  and  a  decision  made  on 
whether  to  add  limestone  to  the  bed  material  or  to  inject  limft  slurry  intn  the 
quench.  The  quantity  of  limestone  or  lime  slurry  to  use  will  also  be  determined. 

•  System  Turndown  Usability  -  During  the  shakedown  testing,  the  ability  of  the 
CBC  to  opiate  in  a  stable  marmer  at  varying  waste  feed  rates  will  be  studied. 
From  this  study,  the  minimum  waste  feed  rate  will  be  determined. 

•  Evaluate  System  Performance  -  The  abili^  of  the  CBC  to  operate  and  the  trial 
bum  operational  limits  will  be  studied  before  the  start  of  the  formal  trial  bum 


By:  PO 
Qieckcci:  PA 
.^jprovcd:  PA 
Date:  02/06/95 


Pcifonnancc  Test  Plan  Area  No.: 

rr  PCE  Area  Name:  All  Areas 

Knoxville,  Tennessee 

Rev.  No.  (0)  (1)  Page:  6  of  16 


COMPANY  NAME:  IT  Ccnpontion 

PROJECT  NAME:  USAEC 

LOCATION:  Abeidem  Proving  Ground,  Maryland 


PROJECT  NO.:  322243 
SPEC.  NO.: 

WP:  WP1585.17 


•  Evaluate  System  Performance  -  The  ability  of  the  CBC  to  operate  and  the  trial 
bum  operational  limits  will  be  smdied  before  the  start  of  the  foimal  trial  bum 
program.  During  the  trial  bum,  the  operational  performance  of  the  CBC  will  be 
compared  to  regulatory  and  warranted  performance  criteria.  From  this  test,  the 
maximum  waste  feed  rate  will  be  determined. 

•  Precoating  the  Baghouse  Bags  With  Lime  -  The  high  moisture  of  the  combustion 
gases  may  cause  poor  baghouse  operational  reliability.  A  test  will  be  conducted 
to  determine  if  precoadng  the  baghouse  bags  with  lime  will  increase  the 
operational  reliability  of  die  baghouse. 


After  completion  of  the  shakedown  testing,  the  optimum  operating  conditions  and  the 
performance  limits  will  be  known. 

77.5  Perfonnance  Testing 

The  performance  test  will  be  conducted  on  the  CBC  after  start-i^>  and  shakedown  testing  are 
completed.  During  the  performance  test,  the  CBC  will  be  tested  for  its  ability  to  meet 
regulatory  and  warranty  p^ormance  requirements.  The  objective  of  the  performance  test  is 
to  obtain  data  that  will: 

•  Demonstrate  greater  than  99.99  percent  of  POHCs. 

•  Confirm  the  fate  of  POHCs  fed  to  die  CBC;  they  are  either  destroyed  by  thermal 
oxidation  or  emitted  in  the  stack  gases,  ash  residues,  or  scrubber  water  purge 
stream. 


•  Demonstrate  diat  the  emissions  of  carbon  monoxide  (CO)  are  less  than  100  parts 
per  million,  volume,  (ppmv)  corrected  to  7  percent  oxygen  (O2)  or,  if  the  stack 
gas  CO  is  greater  than  100  ppmv  correaed  to  7  pocent  O2,  the  stack  gas 
concentrations  of  THC  do  not  exceed  20  ppmv. 

•  Demonstrate  control  of  particulate  emissions  to  less  than  0.015  grains  per  dry 
standard  cubic  foot  (gr/dscf)  corrected  to  7  percent  O2. 

•  Demonstrate  compliance  with  the  hydrochloric  acid  gas  (HQ),  chlorine  (Q2), 
and  SO2  emission  standards. 

•  Determine  the  emission  rates  of  i^ciated  volatile  and  semivolatile  organics. 
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•  Demonstrate  compliance  with  the  metals  emissions  criteria. 

•  Detennine  the  emission  rate  of  NO^^. 

•  Detennine  tiie  stack  concentrations  of  O2,  CO,  and  THC. 

•  Provide  process  information  necessaiy  to  determine  the  suitability  of  the  CBC  in 
the  destmetion  of  red  water. 

•  Demonstrate  compliance  with  RQIA  and  other  legulatoiy  performance  require¬ 
ments. 

17.5.1  Sampling  Lx)cations  and  Procedures 

The  locations  \diere  liquid  and  gaseous  samples  are  collected  are  described  in  Table  17-2. 

The  sampling  equipment,  procedures,  frequency,  and  methods  for  collecting  samples  at  each 
point  are  summarized  in  Table  17-2.  Process  and  stack  gas  sampling  procedures  are  further 
described  in  the  following  section. 

During  the  performance  test,  tiie  stack  gases  will  be  sampled  for  the  constituents  listed  below 
with  the  indicated  sampling  trains: 

•  Metals  emissions  using  a  multi-metals  train  (MMT) 

•  POHCs  and  PICs  using  a  Modified  Method  5  (MM5)  sampling  train  and  a 
volatile  organic  sampling  train  (VOST) 

•  HCl/Cl2^articulate  using  an  EPA  Method  0050  (M0050)  sampling  train. 

The  CO,  O2,  NOjj,  and  SO2  concentrations  in  the  combustion  gas  will  be  continuously 
monitored  using  process  CEMs.  The  stack  gas  will  also  be  analyzed  for  CO2  and  O2  by 
Orsat  analysis  during  each  run. 
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17.5^  Analytical  Procedures 

The  analyses  planned  for  each  peifonnance  test  sample  axe  listed  in  Table  17-3.  The  samples 
from  the  MMT  will  be  anal}rzed  for  antimony,  arsenic,  barium,  beryllium,  cadmium, 
chromium,  lead,  mercury,  silver,  and  thallium 

The  samples  from  die  MM5  train  will  be  analyzed  for  the  compounds  listed  in  Table  17-4 
and  the  samples  from  the  VOST  will  be  analyzed  for  the  compoxmds  listed  in  Table  17-5. 

17.5.3  Performance  Test  Protocol 

17.5.3.1  Waste  Characterization 

Red  water  is  the  aqueous  effluent  generated  during  sdlite  purification  of  oiide  TNT.  Red 
water  has  a  deq>  red,  ot  sometimes  black,  color  and  is  a  complex  and  somewhat  variable 
mixture  of  solid  inorganic  salts  and  nitrobodies  in  water.  Depending  on  the  TNT  production 
process  and  the  degree  of  water  recycle  use,  red  water  generally  contains  15  to  30  percent 
solids,  has  a  pH  of  7  to  9.7,  a  heat  content  of  487  Btu/lb,  and  a  specific  gravity  of  1.1. 
Approximately  one-half  of  the  solids  are  inorganic  salts  and  the  rest  are  nitrobodies.  The 
typical  chemical  composition  of  the  red  water  solids  is  presented  in  Table  17-6.  The 
elemental  composition  of  the  red  water  is  presented  in  Table  17-7. 

17.5.3.2  Target  Operating  Conditions 

The  target  operating  conditions  during  the  performance  test  are  presented  in  Table  17-8  and 
described  below. 

CBC  Temperature.  The  target  CBC  temperature  is  presented  in  Table  17-8. 

Combustion  Chamber  Pressure.  The  maximum  combustion  chamber  pressure  is 
presented  in  Table  17-8. 

Red  Water  Waste  Feed  Rate.  The  target  liquid  waste  feed  rates  for  the  performance  test 
are  presented  in  Table  17-8.  If  red  water  is  not  available  during  the  performance  test,  a 
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Table  17-4 


Summary  of  Semivolatile  Compounds  for  Analysis^ 


Phenol 

1.3- Dichlorobenzene 
1 ,2-Oichlorobenzene 
Hexachloroethane 
Nitrobenzene 

2.4- Dimethylphenol 

2.4- DichloropherK>l 
4-Chloroaniline 

2- Methylnaphthalene 

2,4,5-T richlorophenol 
Dimethyl  phthalate 

3- Nitroaniiine 

4- Nitrophenol 
Diethyl  phthalate 
4-Nitroaniline 
Benzo(g,h,i)pefylene 
Phenanthrene 
Fluoranthene 
3,3’-Dichlorobenzidine 
bis(2-Ethylhexyl)phthalate 
Benzo(k)fluoranthene 
Dibenzo(a,  h)anthracene 


bis(2-Chloroethyl}ether 

1 .4- Dichlorobenzene 
2-Methylphenol 
bis(2-Chloroisopropyl)ether 
Isophorone 

Benzoic  add 

1 .2.4- Trichlorobenzene 
Hexachlorobutadiene 
Hexachlorocydopentadiene 
2-Chioronaphthalene 
Acenaphthylene 
Acenaphthene 
Dibenzofuran 

4-Chiorophenyl-phenylether 

4,6-Dinitro-2-methylphenol 

Hexachlorobenzene 

Anthracene 

Pyrene 

Benzo(a)anthracene 

Di-n-octylphthalate 

Benzo(a)pyrene 

4-Bromophenyi-phenylether 


2-Chlorophenol 
Benzyl  alcohol 
4-Methylphenol 
N-Nitroso-di-n-propylamine 
2-Nitrophenol 

bis(2-Chloroethoxy)methane 

Naphthalene 

4-Chloro-3-methylphenol 

2.4.6- T richlorophenol 
2-Nitroaniline 

2.6- Dinitrotoluene 

2.4- Dinitrophenol 

2.4- Dinitrotoluene 
Fiuorene 

N-Nitrosodiphenylamine  (1) 
Pentachloiophenoi 
Di-n-butylphthalate 
Butyl  benzyl  phthalate 
Chrysene 

Benzo(b)fluoranthene 
lndeno(1 ,2,3-cd)pyrene 


®This  list  is  the  Semivolatile  Target  Compound  List  (TCL)  for  EPA’s  Contracts  Laboratory  Program. 
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Table  17-6 


Composition  of  Red  Water  Solids 


Parameter 

Weight  Percent 

Irwrganic  Salts 

N32S03  *  N32S0^ 

32.3 

NaN02 

11.2 

NaNOs 

1.5 

SUBTOTAL 

55 

Nrtrotxxiies 

Sodium  sulfate  of  2,4,5-TNT 

22.7 

TNT-selItte  complex 

16.2 

Sodium  sulfonate  of  2,4,3-TNT 

7.6 

Sodium  sulfonate  of  2,3,4-TNT 

2.0 

2,4,6-TNBA 

1.0 

White  compound  sodium  salt 

1.0 

TNBAL 

1.0 

TNBOH 

1.0 

Sodium  nitroformats 

2.5 

SUBTOTAL 

55.0 
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Table  17-7 


Red  Water  Elemental  Composition 


Parameter 

Value 

Carbon 

3  Percent 

Hydrogen 

0.1  Percent 

Oxygen 

3.15  Percent 

Nitrogen 

0.95  Percent 

Water 

85  Percent 

Chlorine 

0.00  Percent 

Sulfur 

0.65  Percent 

Ash 

7.15  Percent 
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Table  17-8 


Performance  Test  Operating  Conditions 


Operating 

Condition^ 

Parameter 

Test  1 

Test  2 

CBC  temperature 

1,500®F 

1,700®F 

Combustion  chamber  pressure 

<  -0.08  in.  w.c. 

<  -0.08  in.  w.c. 

Red  water  feed  rate 

1.5  gpm 

1.5  gpm 

CBC  auxiliary  fuel  flow 

180  Ib/hr 

180  Ib/hr 

Combustion  gas  velocity  (10  minute  roiling  average) 

3,500  acfm 

3,500  acfm 

^  The  values  given  in  this  table  are  estimates  that  may  vary  during  the  actual  performance  test.  Test  1  is 
the  low  temperature  DRE  and  organic  PIC  emissions  tests.  Test  2  is  the  high  temperature  metals  test. 
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soirogate  waste  will  be  used.  The  composition  of  die  proposed  surrogate  waste  stream  is 
presented  in  Table  17-9. 


CBC  Auxittaty  Fuel  Flow.  Auxiliary  fuel  will  be  used  as  required  to  maintain  the  GBC 
temperature.  No  permit  limits  for  auxiliary  fuel  are  anticipated. 


Combustion  Gas  Velocity.  The  target  combustion  gas  velocity  is  presetted  in  Table  17-8. 

POHC,  Metals,  and  Chlorine  Feed  Rate.  The  target  organic  chlorine,  POHC,  and  EPA 
regulated  metals  feed  rates  will  be  determined  during  the  preparation  of  the  trial  bum  plan. 


Perfomnance  Test  Results.  A  performance  test  report  will  be  prepared  and  submitted 
within  90  days  of  completion  of  the  performance  test.  The  poformance  test  report  will 
address  each  of  the  following  topics: 

•  Quantitative  analysis  of  POHCs  in  the  waste  feed  -  The  total  POHCs  in  the 
waste  feeds  will  be  calculated  and  reported  for  each  performance  test  run. 

•  Quantitative  analysis  of  POHCs,  HCI/Q2,  metals,  and  PICs  in  the  exhaust  gas  - 
The  concentrations  and  mass  emission  rates  of  POHCs,  HCI/CI2,  metals,  and 
PICs  in  the  exhaust  gas  will  be  calculated  and  reported  for  each  performance  test 
run. 

•  Computation  of  DRE  -  DRE  will  be  calculated  and  rqxnted  for  each  designated 
POHC  based  on  the  total  POHC  in  the  waste  feeds  and  the  POHC  tnaipe  fttnigginn 
measured  in  the  stack  gas. 

•  Computation  of  HQ  removal  efficiency  -  HCl  removal  efficiency,  based  on  the 
total  organic  chlorine  in  the  waste  feeds  and  the  HQ  mass  emission  measured  in 
the  .stack  gas,  will  be  calculated  and  rqnrrted  for  each  performance  test  run. 

•  Cmnputadon  of  particulate  emissions  -  The  concentration  of  particulate  in  the 
exhaust  gas,  corrected  to  7  percent  O2,  dry  basis,  will  be  calculated  and  reported 
for  each  performance  test  run. 

•  Identification  of  fugitive  emissions  -  The  performance  test  report  will  include  a 
discussion  of  fugitive  emissions  observed  during  die  performance  test.  If 
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Table  17-9 


Surrogate  Red  Water  Composition 
(15  percent  solids  in  red  water) 


Paramater 

Weight  Percent 

3,5-Dinitrobenzoic  acid 

7.8  Percent 

Water 

85  Percent 

NagSOs 

2.6  Percent 

Na2S04 

2.6  Percent 

NaN02 

1 .8  Percent 

NaNOg 

0.2  Percent 
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fugitive  emissions  are  observed,  how  the  fugitive  emissions  were  brought  imder 
control  or  will  be  controlled  in  the  future  will  be  discussed. 

•  Tonperatures  and  combustion  gas  velocity  -  The  performance  test  report  will 
include  a  process  parameter  summary  of  the  performance  test  operating  condi¬ 
tions,  including  operating  temperatures  for  the  combustion  chambers  and  the 
stack  gas  combustion  gas  velocity. 

•  CEM  measurement  of  CO,  O2,  and  THC  -  CEM  measurements  of  CO,  CO2,  O2, 
THC,  and  NO^  concentrations  in  the  stack  gas  will  be  provided  in  the  perfor¬ 
mance  test  report.  Calibration  records  for  the  CEM  monitors  will  also  be 
included. 

•  Odier  relevant  performance  test  data  -  The  performance  test  report  will  include 
an'  incineration  system  process  parameters  summary  and  other  relevant  data 
required  by  40  CFR  264.102  and  to  demonstrate  compliance  with  performance 
warranties. 

17.5.3.3  Proposed  Permit  Operating  Conditions 

The  pressed  permit  operating  condititms  are  presented  in  Table  17-10.  These  values  may  be 
moditied  during  die  detailed  design  of  the  CBC  or  the  performance  test. 

Group  A  Parameters.  The  Group  A  parameters  will  be  continuously  monitored  and  inter¬ 
locked  with  the  AWFCO.  These  parameters,  except  for  the  ones  indicated,  will  be 
demonstrated  duiing  the  performance  test  and,  therefore,  will  be  disconnected  during  the 
performance  test. 

•  Minimum  CBC  Temperature  -  The  proposed  minimum  CBC  tonperature  is  pre¬ 
sented  in  Table  17-10.  This  value  will  be  the  average  value  demonstrated  during 
Test  1,  the  low  temperature  DRE  and  PIC  demonstration  tests. 

•  Maximum  CBC  Temperature  -  The  proposed  maximum  CBC  temperature  is 
presorted  in  Table  17-10.  This  value  wfll  be  the  average  value  demonstrated 
during  Test  2,  tire  high  tonperature  metals  emissions  test 

•  Combustion  Chamber  Pressure  -  To  prevent  fugitive  emissions,  die  CBC  will  be 
maintained  at  a  lower  pressure  than  the  value  listed  in  Table  17-10.  This  value 
is  based  rq>on  engineering  judgement  and  will  not  be  demonstrated  during  the 
performance  test. 
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Table  17-10 


Proposed  Permit  Operating  Conditions 


Parameter 

Operating  Condition^ 

Group  A  Parameters 

Minimum  CBC  temperature 

1,500“F 

Maximum  CBC  temperature 

1,700“F 

Maximum  CBC  pressure 

-0.08  in.  w.c. 

Maximum  red  water  feed  rate 

1 .5  gpm 

Maximum  combustion  gas  velocity  (10-minute  rolling  average) 

3,450  acfm 

Maximum  stack  gas  CO  concentration  (1-hour  rolling  average,  dry  basis, 
corrected  to  7%  oxygen) 

100  ppm 

Group  B  Parameters 

POHC  incinerability  limits 

To  Be  Determined^ 

Maximum  chlorine  feed  rate 

To  Be  Deterrruned^ 

Maximum  antimony  feed  rate 

To  Be  Determined^* 

Maximum  arsenic  feed  rate 

To  Be  Determined^ 

Maximum  barium  feed  rate 

To  Be  Detemruned^ 

Maximum  beryllium  feed  rate 

To  Be  Determined^ 

Maximum  cadmium  feed  rate 

To  Be  Detertrtined^ 

Maximum  chromium  feed  rate 

To  Be  Determined^ 

Maximum  lead  feed  rate 

To  Be  Determined** 

Maximum  mercury  feed  rate 

To  Be  Determined** 

Maximum  silver  feed  rate 

To  Be  Determined** 

Maximum  thallium  feed  rate 

To  Be  Determined** 

Group  C  Parameters 

Maximum  combustion  gas  temperature  after  the  quench 

450®F 

values  given  in  this  table  are  estimates  that  may  vary  during  the  actual  trial  bum. 
T'o  be  determined  during  the  preparation  of  the  Trial  Bum  Plan. 
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Table  17-11 


Air  Pollution  Control  System  Operating  Ranges 


Parameter 

Typical  Operating  Range 

Combustion  Gas  Temperature  After  Quench 

400-450®F 

Quench  Water  Flow  Rate 

2.0-3. 1  gpm 

Quench  Atomizing  Air  Row  Rate 

100-170  acfm 

Combustion  Gas  Velocity 

2,500-3,450  acfm 
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•  Red  Water  Feed  Rate  -  The  maximum  red  water  feed  rate  is  presented  in  Table 
17-10  and  will  be  the  maximum  average  value  demonstrated  during  Test  1. 

•  Combustion  Gas  Velocity  -  The  proposed  maximum  combustion  gas  velocity  is 
presented  in  Table  17-10.  The  combustion  gas  velocity  is  an  indication  of 
residence  time  in  the  CBC,  which  is  related  to  DRE.  Iberefore,  the  maximum 
combustion  gas  velocity  will  be  the  maximum  average  value  demonstrated 
during  Test  1  of  the  performance  test.  A  10-minute  rolling  average  is  proposed 
for  this  value,  to  prevent  spurious  AWFCOs. 

•  Stack  Gas  CO  Concentration  -  The  proposed  maximum  stack  gas  CO  concentra¬ 
tion  is  presented  in  Table  17-10.  This  permit  limit  will  be  a  1-hour  rolling 
average,  dry  basis,  and  corrected  to  7  percent  O2.  The  maximum  stack  gas  CO 
concentration  will  not  be  demonstrated  during  the  performance  test 

Group  B  Parameters.  The  Group  B  parameters  will  not  be  continuously  monitored  and 
will  not  be  intnlocked  with  the  AWFCO  system.  Operating  records  will  be  maintained  to 
demonstrate  compliance  with  these  permit  limits. 

•  POHC  Incinerability  Limits  -  The  POHC  incinerabili^  limit  will  be  based  cm  the 
POHCs  selected  during  the  trial  bum  plan  preparation. 

•  Maximum  Chlorine  Feed  Rate  -  The  maximum  feed  rate  of  chlorine  will  be  the 
average  value  demonstrated  during  Test  1,  the  low  temperature  DRE  and  PIC 
demonstration  tests. 

•  Metals  Feed  Rate  -  The  maximum  feed  rate  for  antimony,  arsenic,  barium,  beryl¬ 
lium,  cadmium,  chromium,  lead,  m^cury,  silver,  and  thallium  will  be  determined 
during  die  preparation  of  the  trial  bum  plan. 

Group  C  Parameters.  The  limits  on  Group  C  parameters  are  based  on  manufacturers* 
design  and  operating  specifications.  Group  C  parameters  do  not  have  to  be  continuously 
monitored  and  do  not  have  to  be  coimected  to  the  AWFCO  syston. 

•  Combustion  Gas  Temperature  After  the  Quench  -  To  protect  the  equipment  after 
the  quench,  die  maximum  gas  temperature  after  the  quench  will  be  lifted  to  the 
value  presented  in  Table  17-10. 
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17. 5^.4  POHC  Selection  Rationale 

Doling  the  preparation  the  trial  bum  plan,  the  POHCs  will  be  selected. 

17.5.3.5  Approach  to  Compliance  with  Metals  Emission  Limits 

During  the  preparation  of  the  trial  bum  plan,  the  approach  to  demonstrating  compliance  with 
die  metals  emission  limits  will  be  prepared. 

77.5.4  Performance  Test  Organization  and  Re^onsibiiities 

The  performance  test  will  be  conducted  by  personnel  who  are  experienced  in  testing  hazard¬ 
ous  waste  incinerators. 

7  7.5.4. 7  Incinerator  Project  Manager 

The  incinerator  project  manager  will  be  re^nsible  for  all  operational  aspects  of  the  test.  His 
responsibilities  include: 

•  Preparing  the  CBC  for  the  peifonnance  test 

•  Preparing  waste  feed  materials  for  the  performance  test 

•  Operating  the  CBC  at  planned  test  conditions 

•  Providing  all  CBC  process  data  as  required  by  the  performance  test 

•  Coordinating  incinerator  operation  with  the  test  team  activities  through  com¬ 
munication  with  die  performance  test  project  manager 

•  Acting  as  a  liaison  between  the  regulatory  observers  and  the  performance  test 
manager. 

17.5.4.2  Performance  Test  Project  Manager 

The  performance  test  project  manager  will  be  responsible  for  implementing  and  coordinating 
all  aspeas  of  the  performance  test.  His  re^nsibilities  during  the  project  will  include: 

•  Implementing  the  performance  test  plan 

•  Implementing  the  quality  assurance  project  plan  (QAPP) 
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•  Prq>anng  and  implementing  a  site  H&S  plan 

•  Coordinating  incinerator  operations  and  test  activities  with  facility  operators  and 
the  sampling  team 

•  Monitoring  incinerator  operations  to  verify  confonnance  with  the  performance 
test  objectives. 

•  Acting  as  the  focal  point  for  communications  between  the  sampling  team,  CBC 
operating  team,  and  regulatory  observers  during  the  execution  of  die  performance 
test  program 

•  Deddiug  when  a  sampling  run  will  be  started,  intemqited,  or  completed. 

17.5.4.3  Quality  Assurance  Officer 

The  quality  assurance  officer’s  responsibilities  during  the  performance  test  program  will 
include: 

•  Assisting  in  preparation  and  implementation  of  the  QAPP 

•  Providing  independent  data  review,  botii  operational  and  analytical 

•  Making  rectmimendations  to  the  performance  test  project  manager  if  problems 
are  encountered 

•  Venfymg  that  qipropriate  corrective  actions  are  taken  if  any  problems  occur 

•  Reporting,  and  discussing  quality  assurance/quality  control  (QA/QC)  activities, 
data,  and  results  for  inclusion  in  the  performance  test  report. 

17.5.4.4  Field  Analytical  Coordinator 

The  field  analytical  coordinator  rqxirts  to  the  performance  test  project  manager  with  impg  ©f 
commumcation  to  die  QA  officer.  The  field  analytical  coordinator’s  responsibilities  will 
include: 

•  Preparing  and  shying  sampling  equ^ment,  chemicals  reagents,  and  containers 
to  the  test  site 

•  Assigning  and  recording  sample  numbers 
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•  Directing  and/or  pardc^ating  in  sampling  activities 

•  Overseeing  sample  preservadcm  in  the  field 

•  Documenting  sampling  activities  in  a  field  logbook 

•  Pr^aiing  samples  for  shqnnent  to  the  laboratoiy 

•  Carrying  out  assigned  QA/QC  duties 

•  Preparing  a  complete  sampling  rqxjrt  for  inclusion  in  the  performance  test 
report. 

17.5.4.5  Laboratory  Analysis  Coordinator 

The  laboratory  analysis  coordinator  rqjorts  to  the  performance  test  project  manager  with  lines 
of  communication  to  the  QA  officer.  His  responsibilities  will  include: 

•  Coordinating  qiecialized  field  sampling  documentation  (request  for  analysis 
forms,  sample  collection  sheets,  etc.) 

•  Initiating  chain-of-custo<fy  records 

•  Receiving,  verifying,  and  documenting  that  mcoming  field  samples  corresptmd  to 
the  chain-of-custo<fy  records 

•  Maintaining  records  of  incoming  samples 

•  Tracking  samples  through  processing,  analysis,  and  disposal 

•  Prqjaring  project>specific  QC  samples  for  analysis  during  the  project 

•  Verifymg  diat  laboratory  (JC  and  analytical  procedures  are  being  followed  as 
specified  in  the  QAPP 

•  Reviewing  QC  and  sample  data  and  determining  if  additinnai  samples  or  repeat 
analyses  are  needed 

•  Submitting  certified  qualiQr  control  and  sample  analysis  results  to  the  perfor¬ 
mance  test  project  manager  for  all  analyses  requested  for  this  test  program 

•  Archiving  storage  of  analytical  data 
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•  Preparing  a  complete  analytical  report  for  inclusion  in  the  perfoimance  test  final 
rqjort. 

17.5 A.6  Stad(  Sampling  Coordinator 

The  stack  sampling  coordinator  duties  will  rq>ort  to  the  performance  test  project  manager  and 
have  lines  of  communication  to  the  QA  officer.  The  stack  sampling  coordinator’s  respon¬ 
sibilities  will  include; 

•  Woiking  with  site  personnel  to  obtain  sampling  locations  and  platfnrm  facilities 
that  are  ^ropriate  for  the  planned  stack  sampling  activities 

•  Directing  stack  sampling  activities 

•  Coordinating  stack  sample  beginning  and  ending  times  with  the  perfoimance  test 
projea  manager 

•  Notifymg  the  performance  test  project  manager  of  any  inteiti^tions  in  the 
sampling  activities  and  recommending  corrective  actions  if  necessary 

•  Recording  field  test  data  required  by  die  perfoimance  test  plan 

•  Recording  and  transferring  all  performance  test  and  QC  samplftg  to  the 
laboratory  analysis  coordinator  or  his  designee 

•  Preparing  a  thoroughly  documented  stack  sampling  report  for  inchision  intn  the 
final  performance  test  rqmrt. 

17.6  Air  Pollution  Control  Equipment  Operation 

A  complete  desci^tion  of  the  APCS  equqxnent  opmmion  is  presented  in  Section  2.7.  The 
anticipated  operating  conditions  during  routine  o[)eration  of  the  CBC  are  summarized  in  Table 
17-11.  The  system  temperatures,  flow  rates,  and  pressure  drops  will  vary  over  a  normal  range 
during  routine  op^ation,  and  these  fluctuations  are  expected  to  occur  during  the  performance 
test. 
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18.0  Bench-Scale  Testing 

18. 1  Overview  and  Summary  of  Key  Findings 

Red  water,  a  waste  stream  from  die  manufacture  of  TNT,  contains  betweoi  IS  and  30  percent 
solids,  of  which  about  45  percent  are  sodium  salts  and  55  percent  are  sulfonated  derivatives 
of  TNT  isomers.  It  is  anticqiated  that  treatment  of  red  water  in  circulating  or  fluid-bed 
combustors  will  result  in  a  buildup  of  molten  sodium  on  the  bed  material.  This  buildup  will 
have  a  tendency  U>  cause  common  bed  materials  such  as  silica  sand  to  agglomerate.  Molten 
sodium  causes  bed  particles  to  agglomerate,  which  increases  the  effective  particle  size  and 
decreases  the  fluidization  and  dampening  of  effectiveness  of  incineration,  resulting  ultimately 
in  failure  of  ^stem. 

This  document  presents  the  results  of  an  inidal  treatability  study  using  a  surrogate  red  water 
solution,  to  further  evaluate  this  potential  problem.  Actual  red  water,  which  is  a  RCRA- 
regulated  hazardous  waste,  was  not  available  for  testing.  Therefore,  a  laboratoiy  prepared 
surrogate,  whidi  is  not  RCRA  regulated,  was  used. 

The  testing  utilized  a  bench-scale,  4-inch  fluid  bed  system.  The  tests  focused  on  agglom¬ 
eration  tendencies  of  two  bed  materials  using  surrogate  red  water  was  p:q>ared  to 
concentrations  of  15  and  30  percent  solids.  In  addition,  the  test  data  may  be  used  to  evaluate 
the  combustion  efficiency  and  die  nitrogen  oxide  (NQj^)  and  sulfur  oxide  (SOj^)  levdis 
generated. 

The  key  findings  of  the  tests  are  that  the  fluid  bed  agglomerated  at  a  bed  temperature  of  745 
to  804®C  (1373  to  1840®F)  irrespective  of  die  bed  material;  the  bed  material  purge  rate  was 
maintained  high  to  minimize  salt  concentration  in  the  fluid  bed;  NO^  generation  indeed  was 
high  primarily  due  to  the  salt  (sodium  nitrate  and  sodium  nitrite)  present  in  the  red  water, 
limestone  addition  to  die  bed  was  not  required  due  to  the  generation  of  low  levels  (sulfur 
dioxide  (SO2);  carbon  monoxide  (CO)  and  total  hydrocarbon  (THC)  concentrations  reduced  as 
the  bed  temperatures  increased;  and  salt  prec^itation  in  the  surrogate  red  water  solution  was  a 
challenge. 

Area  No.: 

Area  Name:  All  Areas 
Page:  1  of  8 


By:  PA 

Checked;  BS/SKZ 
.^proved:  PA 
Date:  07/07/95 


Bendi*Scale  Test  Plan 
TTPCE 

Knoxville,  Tennessee 
Rev.  No,  (0)  (1) 


PRQJBCTNO.:  322243 
SPEC.  NO,: 

WP:  WP1585.18 


COMPANY  NAME:  IT  Coipaiaticn 

PROJECT  NAME:  USAEC 

LOCATION:  Aberdeen  Proving  Ground,  Maryland 


FROflECTNOj  322243 
SPEC  NO.: 

WP:  WP1585.18 


18.2  Test  Procedures  and  Observations 
18.2.1  Test  Objectives 

The  objective  of  these  tests  was  to  evaluate  bed  agglomeration  associated  with  circulating  bed 
incineration  of  red  water.  Due  to  the  presence  of  salts  in  the  red  water,  a  tendency  for  bed 
material  to  agglomerate  may  exist.  Based  on  the  study  presented  in  Chapta  3.0,  several 
materials  were  evaluated  for  their  use  in  fluidized  beds.  These  materials  include  alumina, 
zircon,  clay,  limestone,  dolomite,  gypsum,  coal  a^  and  blast  furnace  slag.  At  this  time,  the 
two  most  prmnising  bed  materials  are  alumina  and  zircon  sand  witii  limestone  as  an  additive 
for  acid  gas  absorption.  The  test  program  evaluated  agglomeration  of  sodium  salts  on  these 
materials. 

18J12  Waste  Characteristics 

Because  actual  red  water  was  not  available  for  testing,  a  surrogate  material  was  used  for  the 
test  program.  Several  surrogate  materials  such  as  nitrobenzene,  dinitrobenzene,  and  3,5- 
dinitrobmizoic  add  were  considered  as  potential  candidates.  The  primary  criteria  for  the 
selection  of  the  surrogate  material  are  the  toxicity  of  the  material  itself  and  the  carbon  to 
nitrogai  dioxide  (NO2)  (CiNOj)  ratio  to  be  as  dose  to  2,4,6-TNT,  the  primary  component  of 
the  actual  red  water.  3,5-Dinitrobenzoic  add  substituted  for  the  2,4,6-TNT  because  this 
material  is  the  least  toxic  of  all  the  materials  considered  and  this  compound  has  a  C:N02  ratio 
of  2.3,  which  is  the  same  for  tiie  2,4,6-TNT.  The  components  that  were  used  to  prepare  the 
surrogate  red  water  are  listed  in  Table  18-1.  The  antic^ated  elemental  composition  of  the 
surrogate  red  water  is  presemed  in  Table  18-2.  The  average  heating  value  of  the  red  water 
and  for  the  surrogate  red  water  is  487  Btu/lb  and  479  Btu/lb,  req>ectively. 

A  sujfficient  quantity  of  surrogate  red  water  was  prq>ared  to  allow  2  days  of  testing  (8 
hours/day)  at  a  feed  rate  of  qtproximately  1.0  literAiour.  Two  tests  were  conducted  using 
surrogate  red  water  with  15  percent  solids,  and  two  tests  w^  to  be  conducted  using  surrogate 
red  water  with  30  percent  solids.  The  15  percent  solids  test  case  is  the  design  hasiR  for  tite 
pilot-scale  unit  and  the  30  percent  solids  test  case  is  the  worst-case  concentration  from  a  salt 
concentration  and  thermal  irqnit  view  point. 
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Table  18-1 


Anticipated  Composition  of  Two  Surrogate  Red  Water  Matrices 


Solids  Concentration^ 


Component 


15%  Solids  Matrix 


Water 

85 

3,5-DinitFobenzoic  acid 

7.8 

Sodium  Sulfite 

2.6 

Sodium  SuKate 

2.6 

Sodium  Nitrite 

1.8 

Sodium  Nitrate 

0.2 

Total 

100 

30%  Solids  Matrix 


70 


15.7 


5.1 


5.1 


3.6 


Percent  by  weight 
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Anticipated  Elemental  Composition  of  the  15%  and  30%  Solids  Surrogate  Red  Water  Matrix 
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Of  the  15  percent  solids,  sodium  salts  accounted  for  7.2  percent  and  the  balance  of  7.8 
percent  was  die  surrogate  compound,  3,5-dinitrobaizoic  acid.  Liidally,  a  salt  solution  was 
pr^ared  by  dissolving  known  quantities  of  salts  (refer  to  Tables  18-1  and  18-2  of  test  plan) 
in  water. 

When  the  dinitroboizoic  acid  was  slowly  added  to  the  salt  solution,  in  a  stirred  container, 
brownish  colored  fumes  were  generated.  The  brownish  colored  fumes  are  due  to  the 
formation  of  NO2  due  to  the  following  reaction: 

NO^  +  c  ~  >  NO2  t  {brawn)  +  H2O 

To  avoid  fuming,  dinitrobenzoic  add  was  neutralized  externally  by  one  normal  caustic 
solution  and  the  resultant  solution  was  mixed  with  the  salt  solution.  Neutralization  of  the 
benzoic  add  soludrm  prior  to  its  blending  with  the  salt  solution  produced  die  reacdon  below 
as  evidenced  by  the  lack  of  brown  fumes: 

R-COOH  +  NaOH  -^R-COO  ~  Na*  *  H2O 

Although  fuming  was  avoided,  some  undissolved  salts  prec^itated  at  the  bottom  of  the  feed 
container.  As  the  testing  continued,  the  feed  soludon  changed  its  color  (from  deep  red  to 
brown)  iqxin  exposure  to  ambient  air  and  more  salt  prec^itadon  occurred.  Due  to  the 
challenges  discussed  above,  a  solution  containing  30  percent  dissolved  solids  was  not 
prepared. 

Red  water  is  thought  to  denve  its  color  from  sulfonate  adducts  of  the  various  trinitrotoluene 
isomers  that  are  formed  when  sodium  suldte  is  added  to  die  TNT  during  the  puridcadon 
processes.  The  sulfite  reacts  widi  die  isomers  of  TNT  (but  not  2,4,6-TNT)  and  forms  the 
sulfonate  adducts  that  are  easily  sqiarated  from  the  process  during  product  crystallization. 

The  sulfonate  compounds  are  sufficiendy  soluble  m  allow  s^aradon  of  them  from  2,4,6-TNT 
with  washings.  Solutions  of  these  washings  are  the  sodium  salts  of  die  orgardc  sulfonates  and 
are  characteristically  red  in  color.  This  same  red  color  is  observed  in  the  surrogate  red  water 
mixture  used  in  the  test.  The  color  is  ^arendy  due  to  the  formation  of  benzoic  acid 
sulfonate.  However,  the  red  color  formed  initially  upon  mixing  the  components  of  die  red 
water  surrogate  slowly  degrades  to  a  brown  colored  solution.  The  dis^ipearance  of  the 
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characteristic  red  color  indicates  that  the  nitrosulfonate  derivative  has  probably  farther  reaaed 
to  fonn  a  sulfone  and  can  probably  be  abated  with  the  use  of  an  elevated  pH; 

R~SO^  -  Na  R-SO2  -t  (brown  or  yellow)  +  NaOH 

This  reaction  scheme  should  be  regarded  as  tentative,  but  will  be  useful  in  the  continuing 
consideration  of  the  testing  of  this  mixture  as  an  appropriate  surrogate  for  red  water. 

Because  the  presence  of  undissolved  salts  in  die  feed  solution  caused  plugging  problems  in 
die  feed  tubing  and  increased  agglomeration  potential  during  testing,  it  is  recommended  diat 
the  actual  red  water  containing  no  suspended  salts  be  used  during  pilot-scale  testing. 

18^3  Test  Equipment 

The  test  unit  (Drawing  No.  D-()()-(K)-03)  was  a  4-inch-diameter,  bench-scale,  fluid-bed  reactor 
which  ^roximately  simulates  a  CBC.  The  tests  were  conducted  at  Hazen  Research  facility 
at  Golden,  Colorado  on  February  22  and  23, 1995.  The  bench-scale  combustor  was  an 
existing  unit  diat  has  been  used  in  several  similirr  research  efforts.  This  fluid  bed  combustor 
has  been  shown  to  be  a  reasonable  simulation  of  a  CBC  unit.  The  CThanst  gas  passed 
through  a  cyclone  and  a  bag  house  for  particulate  collection  and  into  a  caustic  scrubbo'  for 
acid  gas  C2^ture.  A  sl^  stream  of  tiie  exhaust  gas  was  sent  to  a  CEM  unit  for  analysis  of  gas 
composition.  Concentrations  of  O2,  COj,  CO,  SO^^,  NO^^,  and  THC  were  measured  by  die 
CEM. 

18^.4  Feed/Ash/Stack  Gas  Sampling  and  Anaiysis  Pian 

The  surrogate  red  water  was  prepared  using  commercial-grade  materials  per  the  recqie 
presented  in  Table  18-1.  Bed  overflow  (aril)  samples  were  collected  for  particle  riTft  distribu¬ 
tion  and  sodium  tuialyses.  The  bed  material  flom  eadi  test  was  !gainplfiH  ^nd  anal3rzed  for 
mineralogy.  The  sample  analysis  and  analysis  procedures  for  the  tests  are  presented  in  Table 
18-3.  The  stack  gas  was  analyzed  for  O2,  CO2,  CO,  NO^,  SO^^,  and  THCs.  Based  on  discus¬ 
sions  in  Ch^ter  3.0,  NO^^  emissions  may  be  high  due  to  the  conversion  of  "nitro"  molecules 
into  NOjj.  During  the  testing,  the  stack  gas  was  observed  for  visible  (brown  to  ted  color) 

NOjj  emissions.  Table  18-4  presents  tiie  model  numbers  and  ranges  for  the  CEM  analyzers. 
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Table  18-3 


Sample  Analysis  Procedures 


Sample  Matrix  Detennination  Procedure 

Mathematical  Calculation^ 


Surrogate  Red  Water 
Ruid  Bed  Overflow  Material 
Fluid  Bed  Overflow  Material 
Rnal  Bed  Material 
Offgas 


Elemental  Composition 

Particle  Size  Distribution 

Sodium  Content 

Mineralogy 

Og,  COg,  CO 
SOg 
NOx 
THC 


Sieve  Screen  Analysis 

Flame  Atomic  Absorption 

X-Ray  Deffraction 

EPA  Method  3A 
EPA  Method  6C 
EPA  Method  7E 
EPA  Method  25A 


^ote:  The  surrogate  composition  was  calculated  based  on  the  recipe  used  for  formulation. 
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Table  18-4 


Model  Numbers  and  Ranges  of  Continuous  Emissions  Monitors 


Parameter 

Model  Number 

Range  (%)  {ppm] 

Oxygen 

Infrared  Industries  Model  2000 

Otol 

Oto  10 

0to25 

Carbon  Dioxide 

Infrared  Industries 

Oto  20 

Oto  100 

Carbon  Monoxide 

Beckman  Model  864 

[0  to  500] 

[0  to  5,000] 

Sulfur  Dioxide 

Thermo  Electron  Pulsed  Ruoresoence 
Model  40 

[0  to  50] 

Pto  100] 

[Oto  500] 

[Oto  1,000] 

[0  to  5,000] 

Nitrogen  Oxides 

Beckman  Model  951A 

[Oto  10] 

[Oto  25] 

[Oto  100] 

[Oto  250] 

[Oto  1,000] 

[Oto  2,500] 

[Oto  10,000] 

Total  Hydrocarbon 

Thermo  Environmental 

[Oto  100] 

[Oto  1,000] 

[Oto  10,000] 
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18^  Test  Plan  and  Test  Disojssion 

The  tests  weie  conducted  at  a  solids  concentration  of  15  percent  on  each  of  the  two  selected 
bed  materials.  Aluminum  oxide  and  2dicon  silicate  were  used  as  primaiy  bed  materials. 

After  some  initial  testing,  it  was  evidmit  that  the  fluid  bed  incinmiator  could  not  be  operated  at 
870°C  (1600®F)  due  to  bed  material  ag^omeratkm.  The  SO2  generation  was  so  low  that  the 
lime  injection  to  die  bed  became  urmecessary. 

During  the  first  day  of  tests,  all  the  tests  were  conducted  using  zirconia  sand  as  the  bed 
material.  Base  Case  1  (Table  18-5)  was  conducted  at  a  bed  temperature  of  645®C  (1193®F) 
using  salt  solution  alone.  Base  Case  2  was  conducted  at  test  conditions  same  as  in  Base  Case 
1,  except  surrogate  solution  was  used.  The  NO^  concentration  for  these  cases  were  about  the 
same  while  die  CO,  THC,  and  CO2  concentrations  were  higher  for  Base  Case  2  due  to  die 
combustion  of  the  surrogate  compound.  The  remaining  tests  w^  conducted  using  surrogate 
solution  at  increasing  bed  temperatures,  the  system  operated  wdl  at  bed  temperature  of 
692®C  (1278®F)  and  745®C  (1373°F).  During  these  testings,  the  bed  purge  rate  was  main¬ 
tained  qiproximately  the  same  as  dm  bed  feed  rate  to  maintain  a  low  salt  concentration  in  the 
bed.  The  test  results  for  the  aforementioned  tests  are  presented  in  Table  18-5. 

During  die  second  day  of  tests,  the  tests  were  repeated  using  alrnnina  as  the  bed  material 
The  results  were  similar  to  ones  widi  zirconia  sand  as  the  bed  tnatmal  Defluidization  did 
not  occur  even  at  a  bed  temperature  of  804°C  (1480®F).  The  CO  and  THC  concentrations 
were  lower  for  alumina  compared  with  zirconia  sand  as  the  bed  Tnaterial  Because  ahimina  is 
lighter  than  zirconia  sand,  more  bed  material  entrained  causing  better  mixing  of  the  solids 
with  gases  improving  combustion  conditions.  The  test  results  for  diese  tests  are  presented  in 
Table  18-6. 

18.3  Summary  of  the  Test  Results  and  Potential  Impact  on  Conceptual  Pilot- 
Plant  Design 

18.3.1  Mass  Balance  Across  the  Syst&n 

The  objective  of  the  mass  balance  qiplied  on  the  fluid  bed  was  to  reproduce  test  conditions 
and  ascertain  the  accuracy  of  the  test  data.  In  addition,  the  mass  balance  allows  the  calcula- 
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Summary  of  Bench-Scale  Fluid  Bed  Testing 
(Alumina  as  bed  material) 

Testing  on  February  23, 1995 
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tion  of  nonmeasured  values,  ie.,  percent  particle  entrained  in  die  combustion  off-gas.  Mass 
balance  values  for  die  steady-state  operation  are  presoited  in  Table  18-7.  The  operational 
data  presoited  in  Tables  18-5  and  18-6  were  used  in  the  mass  balance.  Amrmg  other 
parameters,  the  iiqiut  of  surrogate  red  water  solution  feed  rate  and  cmnposition,  fluidization 
air  rate  were  the  starting  point  of  the  mass  balance. 

The  feed  rates  and  the  compositirHi  were  used  in  the  mass  balance,  and  CEM  values  such  as 
NO^,  SO2,  CO,  CO2,  and  O2  were  diqilicated.  Based  on  the  values  presented  in  Table  18-7, 
the  calculated  values  agreed  very  closely  with  the  CEM-measured  values  indicating  a  good 
mass  balance  closure  for  a  short  test.  With  a  good  mass  balance,  the  values  discussed  in  this 
report  are  considered  reliable. 

18.3^  Bed  Agglomemtion  and  Bed  Material  Purge 

Defluidization  due  to  bed  material  agglomeration  occurred  for  zirconia  sand  at  a  bed 
temperature  of  112°C  (1420*^  and  for  alumina  at  a  bed  temperature  of  greater  than  804°C 
(1480®F),  respectively.  The  {vemature  agglomeration  of  die  fluid  bed  was  primarily  due  to 
the  low  melting  point  of  salts.  These  molten  salts  provided  a  ^ue  for  the  bed  material 
particles  to  stick  together  forming  balls  of  bed  material  causing  defluidizadon.  The  agglrmier- 
adon  potential  greatly  increased  due  to  the  precipitation  of  additional  salt  in  the  surrogate  red 
water  solution  upon  its  e:qposure  to  die  ambient  air.  This  observation  was  made  during  die  2- 
day  testing. 

The  actual  red  water  does  not  contain  suspmided  salt  particles.  Iherefore,  it  is  recommended 
that  the  acmal  red  water  instead  of  surrogate  red  water  solution  be  used  during  the  pilot-scale 
testing  to  minimize  agglomeration  potential.  Also,  even  if  die  balls  of  bed  material  are 
formed,  a  full-scale  CBC  will  provide  greater  opportunity  for  additional  break  i^  of  large 
agglomerates  compared  to  a  bench-scale  fluid  bed  incinerator. 

The  bed  material  purge  rate  was  maintained  qiproximately  equal  to  die  bed  material  feed  rate 
to  maintain  a  low  (1  percait)  salt  concentration  in  the  fluid  bed  to  mmimize  agglomeration 
potential.  This  mode  of  operation  may  be  uneconomical  uidess  die  purged  gnlids  are 
processed  to  remove  salts  and  then  recycled. 
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If  the  circulating  bed  operating  temperature  cannot  be  increased  greater  than  1480®F  to  avoid 
agglomeration  of  the  bed,  the  solids  and  gas  residence  time  in  die  CBC  may  have  to  be 
increased  to  more  dian  2  seconds  to  meet  the  DRE  requiranent  of  99.99  for  the  surrogate 
material. 

18.33  Generation 

The  two  sources  of  NO^  during  the  tests  were  a)  diennal  decmnposidtm  of  NaN02  NaN03 
and  b)  organic  N2  present  in  die  surrogate  red  water  solution.  The  NO,;,  formation  was 
^iproximately  the  same  when  salt  solution  alone  and  surrogate  solutions  were  incinerated. 
This  result  indicates  that  primaiily  the  Na  salts  diermally  deconqiosed  to  NO^  and  molten 
sodium  while  a  fraction  of  18  to  19.5  percent  of  die  organic-nitrogen  converted  to  NO^. 
based  on  the  test  results,  the  emission  of  NO^  for  the  pilot  unit  will  be  69  tons  per  year  (refer 
to  attached  calculations),  which  is  well  below  the  250  tons  per  year  PSD  limit  for  new 
sources;  however,  the  limit  is  site-^cific. 

18.3A  SO2  Generation 

Because  the  surrogate  red  water  and  bed  material  did  not  contain  any  elemental  S,  SO2 
generation  was  due  to  the  thermal  decomposition  of  Na  salts.  At  the  incineration  tempera¬ 
tures,  during  testing,  NA  sulfites  and  Na  sulfates  did  not  decompose  to  SO2  significandy. 

The  SO2  formation  was  in  the  range  of  2  to  3  parts  per  million  (ppm),  and  therefore, 
limestone  as  an  additive  for  acid  gas  absorption  was  not  injected  to  the  incinerator  during 
testing.  Based  on  the  test  results,  die  emission  of  SO2  for  the  pilot  unit  wiU  be  62  tons  per 
year  (refer  to  attached  calculations). 

18.3.5  CO,  CO2,  and  THC  Concentrations  in  tite  incinerator  Off-Gases 

The  only  source  of  carbon  in  die  surrogate  red  water  solution  was  3,5-ditiitrobenzoic  acid,  the 
surrogate  compound;  no  other  feed  material  introduced  to  the  fluid  bed  contained  carbon 
source.  The  measured  THC  value  and  the  presence  of  carbon  in  the  bed  and  cyclone  product 
(B&CP)  indicate  incomplete  ctmibustion  of  the  carbon  in  the  surrogate  compound.  For  all  the 
tests,  the  combustion  efficiency  was  in  the  range  of  98  to  99  percent  The  presence  of  fiTP/t 
carbon  in  the  B&CP  may  be  due  to  the  presence  of  molten  sodium  in  the  B&CP;  localized 
pockets  or  balls  of  bed  material  coated  with  molten  sodium  may  have  produced  ina<tpqn{^t<». 
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mixing  in  the  fluid  bed.  Additionally,  Ae  absence  of  Ae  dynamics  of  a  very  well  mixed  bed 
as  present  m  a  full-scale  CBC  also  contributes  to  mefflcient  combustion. 

18.4  Conclusions 

The  following  conclusions  were  drawn  based  on  Ae  bench-scale  flmd  bed  incmeiarion  testing 
usmg  Ae  surrogate  red  water 

•  Defluidizarion  occurred  due  to  agglomeration  at  a  flmd  bed  temperature  of  645 
to  804**C  using  zirconia  sand  and  alumina  as  bed  materials.  The  premature 
agglmnerarion  of  Ae  fluid  bed  was  primarily  due  to  Ae  melting  of  Ae  low 
melting  salts  m  Ae  feed  solution.  Iherefore,  Ae  importance  of  Ae  bed  material 
was  not  realized  m  Ae  tests.  An  average  salt  concentration  of  less  Aan  1 
percent  should  be  maintained  m  Ae  purged  solids  to  avoid  agglomeration. 

•  Actual  red  water  containing  minimal  to  none  salts  prec^itate  be  used  instead  of 
surrogate  red  water  solution  for  Ae  CBC  pilot  tests. 

•  NO^  generation  was  primarily  due  to  Ae  Aeimal  decompositioa  of  Na  lAiites 
and  nitrates  while  a  small  fraction  of  NO^  was  formed  due  to  Ae  surrogate 
compound.  Based  on  Ae  test  results,  Ae  estimated  emission  of  NO^  for  Ae 
pilot  unit  is  69  tons  per  year,  which  is  wdl  bdow  Ae  250  tons  per  year  PSD 
limit  for  new  sources,  but  Ae  limit  is  site  specific.  Percent  organic  N2  converted 
to  NO^  was  m  Ae  range  of  18  to  19.5  percent. 

•  SO2  formation  was  minimal  at  2  to  3  ppm.  At  Ae  mcineration  temperatures 
tested,  Na  sulfites  and  Na  su^ihates  Ad  not  decompose  into  SO2  significantly. 
Limestone  mjection  as  an  additive  for  acid  gas  absorpticm  was  not  required 
daring  testing.  Based  on  Ae  test  results,  Ae  estimated  emission  of  Ae  SO2  for 
the  pilot  unit  will  be  62  tons  per  year. 

•  De^ite  Ae  poor  mixing  of  Ae  bed  solids  and  Ae  mcinerator  oflf-gases  due  to 
agglomeration,  Ae  combustion  efficiency  for  all  Ae  tests  were  m  Ae  range  of  98 
to  99  parent 
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19.0  HAZOP  Analysis 


Introduction 

A  hazard  and  operability  study  (HAZOP)  was  conducted  of  the  proposed  circulating  bed 
combustor  pilot  facility  to  be  initially  installed  at  the  RAAP  facility  in  Radford,  Virginia. 

The  study  was  based  on  information  depicted  on  process  flow  diagram  D-OO-lO-OOl  REVA 
and  preliminary  process  and  instrument  drawings  (P&IDs)  D-20-1 1-001,002  REV.  A  and  D- 
50-11-001  REV.  A.  Additional  information  in  this  concq>tual  design  report  pertaining  to  the 
process  operating  procedures  and  controls  were  reviewed  and  used  to  develop  recommen¬ 
dations  for  the  study.  Material  and  chemical  hazards  firom  red  water  and  other  feeds  and 
byproducts  were  evaluated  based  on  material  safety  data  sheet  information  for  2,4,6-trinitro¬ 
toluene,  sodium  nitrite  and  sodium  nitrate  salt  solutions,  and  aluminum  oxide. 

Methodology 

A  conventional  HAZOP  technique  was  used  to  identify  potential  modes  of  failure,  describe 
the  consequences  of  these  failures,  and  determine  existing  design  safeguards  to  prevent  or 
mitigate  the  consequences.  Additional  safeguards  are  proposed  where  potential  failures  have 
a  relatively  likely  chance  to  occur  and  few  existing  safeguards  are  present.  These  {Opposed 
recommendations  are  listed  as  action  items  in  Table  19-1  of  this  report,  immediately 
following  tile  action  table.  Table  19-2  is  a  detailed  listing  of  the  potential  failure  modes  (such 
as  high  temperature)  and  potential  consequoices  (i.e.,  damage  to  refractory)  for  each  flow 
stream  of  tiie  system.  Safeguards,  such  as  high  temperature  alarms  tiiat  are  interlocked  to 
shut  down  the  system,  are  listed  in  Table  19-2  for  each  failure  mode. 

Study  Recommendations 

There  are  40  recommendations  to  eliminate  or  mitigate  the  consequences  of  potmtial  failures 
due  to  control  system  failures,  wear  and  tear,  human  error,  malfunctioning  equqnnent,  and 
natural  events  such  as  freezing  weather.  Control  system  failures  amounted  to  24  recommen¬ 
dations  to  consider  providing  additional  monitoring  of  control  parameters  for  system  tempera¬ 
tures,  flows,  bed  depth,  and  pH  control.  Maintenance  items  accounted  for  nine  recmnmen- 
dations  to  consider  programs  and  procedures  to  inspect  for  leaks,  develop  added  emergency 
plans  and  regulate  operations  of  heavy  equipment.  Equ^ment  failures  accounted  for  three 
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recommendations,  and  human  error  and  natural  occurrences  each  accounted  for  two  recom¬ 
mendations. 

The  action  items  are  to  be  reviewed  by  IT  engineers  and  USAEC  personnel  to  determine  what 
changes  in  the  design  and  operating  procedures  (if  any)  are  required  to  satisfy  the  concerns  or 
recommendations.  The  results  of  this  smdy  are  incomplete  until  all  of  the  40  recommenda¬ 
tions  have  been  addressed.  Twenty  of  die  recommendations  are  designated  to  be  resolved  by 
rr  engineers  and  20  are  the  joint  responsibility  of  IT  and  USAEC  personnel.  To  complete  the 
HAZOP,  all  resulting  decisions  are  to  be  entered  in  the  status  column  of  the  action  rqiort. 
Because  die  project  design  is  at  a  concepmal  stage,  completion  of  aU  action  items  will  be 
deferred  later  in  the  project  in  the  process  design  or  detailed  design  stages. 
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